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We previously reported that the chlorella virvs PBCV-1 genome encodes an authentic membrane-associated gjycosyl- 
transferaee, hyaluronan synthase (HAS), Hyaluronan. a linear polysaccharide chain composed of alternating 01,4-glucuronic 
acid and 0i,3-/V-acetylgluCQsamine groups, is present in vertebrates as weU as a few pathogenic bacteria. Studies of infected 
cells show that the trans caption of the PBCV-1 has gene begins within 10 min of virus infection and ends at 60-9O min 
postinfection. The hyaluronan polysaccharide begins to accumulate as hyaJuronarHyase sensitive, hair-like fibers on the 
outside of the chloretla cell waJI by 15-30 min postinfection; by 240 min postinfection, the infected cells are coated with a 
dense fibrous network. This hyaluronan slightly reduces attachment of a second chlorella virus to the infected algae. An 
analysis of 41 additional chlorella viruses Indicates that many, but not all. produce hyaluronan during infection, $> 1933 

Academic Press 
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INTRODUCTION 

Hyaluronan, also called hyaluronic acid, is the least 
complex member of the glycosaminogfycan family, which 
also includes heparin heparan sulfate, chondroitin, end 
keratan sulfate. The latter members of this family are 
highly sulfated and typically exist as a proteoglycan (i.e.. 
covalently attached to a core protein). Hyaluronan, how- 
ever, is a simple linear polysaccharide chain composed 
of alternating /31.4-gfucuronic acid (GIcA) and J31.3-/V- 
acetylgfucosamine (GlcNAc) moieties that can reach mo- 
lecular masses of up to 10 7 kDa (~Z5 t G00 disaccharides) 
(Hascall era/., 1994; Laurent and Fraser, 1992). Hyafuro- 
nan is a ubiquitous constituent of the extracellular matrix, 
particularly of sofl connective tissues in vertebrates (Lau- 
rent and Fraser, 1992), Hyaluronan Interacts with pro- 
teins such as CD44 (Aruffo et aL 1990; Cuity et aL 1990; 
Miyaka et aL 1990), RHAMM (Hall et eL, 1995; Hardwick 
et aL, 1992), and BEHAB (Jaworski et at, 1994). Conse- 
quently, this polysaccharide influences the growth and 
migration of ceils in such diverse processes as embry- 
onic development (Toole. 1991), oocyte maturation (Sa- 
lustri et ai t 1990), angiogenesis, wound healing (Wester 
at., 1985), and tumor progression (Sherman et aL, 1994). 
In contrast to other glycosaminogtycans, which are as- 
sembled as they traverse the endoplasmic reticulum and 
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the Golgi stacks, hyafuronan is synthesized by an en- 
zyme located on the inner surface of the plasma mem- 
brane (Philipson and Schwartz, 1984). Hyaluronan syn- 
thase (HAS) adds sugar residues from UDP-GIcA and 
UDP-GlcNAc. In animal ceUs t hyaluronan is transferred 
to the pericellular space. 

Extracellular capsules of a few pathogenic bacteria 
such as group A and C Streptococcus spp. and Pasteu- 
relfa multocida also contain hyaluronan (Carter and An- 
nau, 1953; Kass and Seastone, 1944). Because hyaluro- 
nan, a host component is not normally immunogenic, the 
capsule serves as a. molecular camouflage protecting 
the microbes from phagocytosis and complement fixa- 
tion during infection (Husmann etaf., 1997; Schmidt etaL, 
1996). 

While sequencing the 3 30,740-bp genome of the 
algal virus PBCV-1 (Kutish et at,, 1996; Lf et aL t 1995. 
1997; Lu et aL 1995, 1996), we discovered that this 
virus contains an open reading frame (ORF) (A98R) 
that encodes a protein with similarity to both verte- 
brate and bacterial HAS enzymes. The PBCV-1 has 
gene was expressed in Escherichia colt, and the re- 
combinant protein was an authentic, membrane-asso- 
ciated HAS (DeAngetis et aL, 1997). Landstein et al 
(1998) demonstrated that PBCV-1 encoded two other 
enzymes, glutamine:fructose-6-phosphate amidotrans- 
ferase (GFAT t ORF A100R) and UDP-glucose dehydro* 
genase (UDP-GlcDH, ORF A609L), that produce sugar 
precursors (gfucosamrne-6-phosphaie and UDP-glu- 
curonic acid, respectively) required for hyaluronan 
synthesis. In the current work, we monitor the expres- 
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FIG. 1. Northern blot analysis of the accumulation of has, gfat, and 
udp-glcdh mRNAs during virus PBCV-1 Infection. (A) RNAs isolated 
from uninfected (lane 0) and from PBCV-1 -Infected chlorella cells at 
5. 10. 15, 30. 60. 90, 120. 180. 240 r end 300 min p,i. The blot was 
probed with the PBCV-1 has gene. (B-D) RNAs isolated from cells at 
30 min after infection with viruses PBCV-1, NC-lC, or AL-2C (Janes 
P, N K and A, respectively). The membranes were probed with either 
the PBCV-1 has gene (B) r gfat gene (aJOOr) (C), or udp-gtcdh gene 
i&609t) (D), The filter in panel E was stained with ethidium bromide 
and shows the 3,6-kb rRNA used to correct for loading differences 
between the samples 



sion of the has gene and the production and localiza- 
tion of hyaluronan in PBCV- 1 -infected chlorella. 

RESULTS 

The has gene expression during PBCV-1 replication 

Total RNA was isolated from chlorella cells at various 
times after PBCV-1 infection and hybridized to the viral 
has gene. A single, — 1900-nucleotide transcript, a size 
sufficient to encode a protein of 567 amino acids, ap- 
peared within 5-10 min postinfection (p.L} r peaked at 30 
min pi., and disappeared at 60-90 min p,L (Fig, 1A). 
Because PBGV-1 DNA synthesis begins —60 min p.t. 
(Van Etten er el. t 1984), the has gene is an early gene. 
This is consistent with our previous finding that HAS 
enzyme activity was detected in chlorella cells at SO and 
90 min p,i, (DeAngelis et at., 1997). 



Hyaluronan is localized on the surface of 
PBCV-1 -infected chlorella 

Typically, HASs are integral membrane-bound pro- 
teins, and the newly synthesized hyaluronan is se- 
creted across the membrane to the extracellular ma- 
trix (PhNipson and Schwartz, 1984). Previous experi- 
ments established that the PBCV-1 -encoded HAS is 
associated with the membrane fraction of PBCV-1- 
Infected chlorella cells (DeAngelis er a/., 1997). There- 
fore, we looked for hyaluronan on the surface of in- 
fected chlorella by monitoring the ability of a 
labeled hyaluronan-binding protein ( U5 FHABP) to 
interact with intact, virus-infected cells (Tengblad, 
1980). This protein did not attach to uninfected cells, 
indicating that the cell surface lacked hyaluronan. By 
15 min p.i., small but significant amounts of the 126 l- 
HABP bound to the infected cetls, indicating the pres- 
ence of surface hyaluronan. During the first 90 min p.i., 
the level of T2 *I-HABP bound to the infected cells in- 
creased slightly and then increased rapidly during the 
next 120-150 min (Fig. 2), Treatment of infected chlor- 
ella cells at 240 min p.i. with hyaluronan-lyase, before 
the addition of ia VHAPB, reduced attachment of the 
binding protein to the level of infected celfs at 15 min 
pJ. (Fig, 2). The absolute specificity of the HASP and 
the hyaluronan-lyaso for hyaluronan establish the 
presence of hyaluronan on the infected cell surface 

To determine whether the hyaluronan is localized to a 
specific area of. the cell wali or is present over the entire 
cell surface, hyaluronan accumulation was also moni- 
tored by fluorescent microscopy using biotinytated-hya- 
luronan binding protein (bt-HABP) in conjunction with an 
avidin-FITC conjugate. As shown in Fig. 3A, many in- 
fected cells developed a uniform green fluorescence 
over the entire cell surface by 30 min p.i.; uninfected cells 
autofluoresced orange-red. The intensity of green fluo- 
rescence as well as the number of fluorescing celts 
increased up to 240 min p.i. Treatment of cells at 240 min 
p.i. with hyaluronan-lyase, before the addition of bt- 
HABP, abolished most Of the green fluorescence {Fig. 
3A). 

Ultrastructural changes in the cell wall of 
PBCV-1 infected chlorella cells 

The cell walls of uninfected and PBCV-1 -infected cells 
were also examined by quick-freeze deep-etch electron 
microscopy. As shown in Fig. 3B, the exterior surface of 
the infected chlorella cell wall takes on a "hairy" appear- 
ance; by 240 min p.i., the infected cell is covered with h 
highly developed, dense fibrous network. Incubation of 
cells with hyalurorian-lyase removes this ,l hairy"' material, 
indicating that this fibrous network is composed of hya^ 
luronan (Fig. 3B), 
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FIG. 2, Hyaluronen accumulation on the surface of P8CV-1 infected algae. Uninfected and infected cells were incubated with ,R f-HABP as 
described m Materials and Methods. One sample from infected cells at 240 min p.i. was treated with hyaluronan-lyase before the addition of the HASP. 
The results represent the average of two separate experiments. 



Hyaluronan partially blocks chlorella virus attachment 

The results of the preceding experiments indicate that 
the external surface of the chlorella cell wail changes 
dramatically after PBCV-1 infection as the result of hya- 
luronan accumulation. To determine whether surface 
hyaluronan prevents attachment of a second virus to 
PB.CV-1 -infected cefls, we monitored the ability of an 
antigenic variant of PBCV-1 [named P31 (Wang et ai t 
1993)] to attach to chlorella cells at various times after 
PBCV-1 infection. As shown in Table 1, prior PBCV-1 
infection of chlorella reduces P31 attachment to the alga 
by —50% at 120-300 min p.i. Treatment of the 180-min 
PBCV-1 -infected cells with hyaluronan- lyase before the 
addition of P31 slightly increased the ability of P31 to 
attach to the cells {Table 1), Therefore, surface hyaluro- 
nan accumulation slightly reduces subsequent virus at- 
tachment, albeit [ate in the infection cycle. 

The has gene is widespread in the chloretla viruses 

To determine whether the has gene is widespread 
among the chloretla viruses, the has gene probe used in 
Fig. 1 was hybridized to DNA from 41 other viruses 
isolated from diverse geographical' regions (Fig. 4) 
These viruses infect either Chloretla NC64A or Chlorella 
PbL Chlorella cells infected with each of the viruses were 
also monitored for extracellular hyaluronan with the 
HABP (radioactive counts are also listed in Fig, 4). These 
experiments produced the following results, (1) The 
PBCV-1 has gene probe did not hybridize to host Chief- 
ef/a NC64A DNA. (2) The PBCV-1 has gene probe hybrid- 
ized to some degree to 28 of the 37 DNAs from viruses 
(including PBCV-1} that infect Chlorella NC64A (NC64A 
viruses), (3). All except one of these 28 NC64A viruses 



produced extracellular hyaluronan. The exception was 
NY-2A, which hybridized weakly with the has gene. (4) 
Wine of the 37 NC64A viruses, CA-1A, CA-2A, IL-2A, 
IL-2B, IL-3A, IL-3D, SC-1A, SC-1B, and IL-5-2s1. neither 
hybridized with the has gene probe nor produced extra- 
cellular hyaluronan. (5) None of the DNAs from the five 
viruses, CVA-1, CVB-1, CVG-1, CVM-1, and CVR-1, that 
infect Chlorella strain Pbj (Pbi viruses) (Reisser et aL 
19S8) hybridized with the PBCV-1 has gene probe. How- 
ever, 2 of the 5 Pbi viruses, CVG-1 (Fig, 3C) and CVR-1, 
produced extracellular hyaluronan (Fig, 4), Presumably, 
these 2 Pbi viruses encode a has gene that has diverged 
substantially from the PBCV-1 gene. 

These experiments indicate that has gene expression 
is not essential for chlorella virus growth because 10 of 
the NC64A viruses and 3 of the Pbi viruses do not 
produce detectable extracellular hyaluronan. One expla- 
nation is that these viruses encode an enzyme or en- 
zymes that produce another polysaccharide on the ex- 
ternal surface of the infected chlorella cells. However, 
two experiments indicate that this possibility is unlikely 

(1) The surface of chloretla cells infected with Pbi virus 
CVA-1 (no 1ZS I-HABP binding; Fig. 4) does not appear 
"hairy" on electron microscopy at 240 min p,i, (Fig. 3CX 

(2) Cells infected with virus EL-3A were also monitored for 
changes in attachment of a second virus; only a slight 
reduction in attachment occurred (results not shown). 

Analysis of has gene sequence and expression from 
other chlorella viruses 

Ten of the 41 chlorella viruses, plus PBCV-1, were 
chosen for further analysis of the has gene. The has 
gene from each was amplified by PCR using primers that 
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FIG, 3. Localization of hyaluronan on the surface of infected cells and ulua structural changes rn the alga! cell wall after viral infection. Detection 
of hyaluronan on the surface of uninfected Chtoreiia NC64A cells and PBCV-1 -infected ceHa at 30 and 240 min p,i, using a bt-HABP 3n combination 
with an avidin-RTC conjugate (A) or by quick-freeze deep-etch electron microscopy (Bl- A sample of PBCV "I -int'ectecf cells at 240 mln pi was treated 
with hyaluronan-lyase before the fluorescent labeling or electron microscopic examination. Note the bright green fluorescence and accumulation of 
a dense, fibrous network on the surface of P8CV-1 -infected eel is at 240 min pi. (C) ChloreUe Pbi cells infected with viruses CVA-1 or CVG-1 examined 
by quick -freeze d&ep-etch electron microscopy Both samples were taken at 2^0 min p i. Note the surface of the CVA-1 -infected cells resemble 
uninfected CMoretia NC64A cells as contrasted to the surface of CVG-i- and -infected cells 



correspond to the 5' and 3' ends ot the PQC\M has gene 
{DeAngeiis et aL 1997). The primers produced the ex- 
pected 1,7-kb product from virus PBCV-1 DNA and five 
additional virus DNAs, NC-1 C, AL-?C, MA-1 E, CA-4A, and 
XZ-5C (Fig. 5). No PGR product was obtained with SC-1 A, 
MA-1D, NY-2B, NY-2A. and CVG-1 DNAs. These results 
support the data in Fig. 4; PGR products were produced 
only from virus DNAs that hybridized strongly to the 



PBCV-1 has gene probe, The six different 1.7-kb PCR 
products (Including PBCV-1 ) were cloned and se- 
quenced; analyses of the sequences led to the following 
conclusions. (1) All the clones (including PBCV-1) con- 
tained a G instead of an A at position 52285 in the 
original PBCV-1 genomic sequence (Li et aL, 1995), indi- 
cating an error in the published PBCV-1 sequence, Cor- 
rection of this base changes an Asp residue Lo a Gly at 
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TABLE 1 

Attachment gf Virus P31 (an Antigenic Variant of PBCV-1) 
to -Infected Chforetta NC64A 



Time after P8CV-1 
infection (min) 



Percentage of 
unattached P31* 



15 
60 
120 
180 
240 
300 
180 



HA-lyase 



19 ± 8 

28t & 
36+7 
40 ± 3 
34 ^ e 
32 ± & 
.29 Tl 10 





'Average of three separate experiments. 



amino acid 462. This change is significant because all 
other eukaryotic HASs have a Gly in this position (DeAr> 
gelis et at, 1997). (2) The sequence of the AL-2C clone 
was identical to the corrected PBCV-1 sequence. (3) The 
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FIG. 4. Hybridisation of the PBCV-1 has Qene 10 DNA isolated from 
Chtor&U& NC64A and from 37 NC64A viruses and 5 Pbt viruses (CWl, 
CVB-1, CVG-1. CVM-1. and CVR-1), The blots contain \ D,5 r 0,25, and 0.12 
t±n oi DNA (left to right, respectively}. The accumulation of hyaluronan 
on the surface of the infected cells. «is measured by the ability of 
,?!i l-HA8P to attach to the cells at 240 min p.i.. is also indicated for each 
virus. The labeling results represent the average of at least two sepa- 
rate experiments. Because viruses SC-1A and MY- 2 A replicate slower 
than the other viruses, they were analyzed for hyaluronan accumulation 
at 8 h p.L (*). 
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FIG. 5. PCR products produced from PBCV-t and 10 additional 
chloreJIe viruses using primers derived from the P3CV-1 has gene 
sequence, (Bottom) Dot-btot hybridization and 13, i-HABP binding data 
from Fig, 4. No PCR products were obtained from virus DNAs that either 
failed to hybridize [SC-1A and CVG-1) or hybridised poorly (NY-2A, 
NY-2B, and MA-ID) to the PBCV-1 has gene probe. 



sequences of. the MA-1E and XZ-5C clones each con- 
tained a single, distinct, silent nucleotide difference from 
PBCV-1 (4) The sequence of the NC-1C clone varied by 
11 nucleotides from PBCV-1; four of these changes re- 
sulted in amino acid substitutions. Three of these sub- 
stitutions (R136-*K, D4QQ-»E, and V534^H) were conser- 
vative changes, whereas the fourth (T360^A) was non- 
conservative. (5) The sequence of the CA-4A clone 
differed from PBCV-1 by 15 nucleotides; eight of these 
differences were in common with NC-1C. Seven of these 
differences (two were in the same codon) led to six 
amino acid changes; four {R136-*K, I450->V, 
and T562-^S) were conservative, whereas two (V529^T 
and E554-*K) were nonconservative. 

Total RNA was isotated from cells infected with NC-1C 
or AL-2C viruses at 30 min p.L (the time when the a9$r 
gene transcript is most abundant in PBCV-1 -infected 
cells) and analyzed by Northern blotting with the PBCV-1 . 
has gene probe (Fig. 1B) as well as probes for the two 
PBCV-1 genes [gfet and ucfp-gfcdh) that encode enzymes 
synthesizing hyaluronan precursors (Figs. 1C and 1D).- 
This experiment led to the following results (1) Like 
PBCV-1, the has gene probe hybridized to a 1.9-kb RNA 
from cells infected with each virus. (2) The gfat and 
udp-gtcdh probes produced the same hybridization pat- 
terns for ali three viruses. Landstein et ai. (1998) demon- 
strated that in PBCV-l the largest of the three RNAs 
detected by the gfat probe results from readthrough 
transcription of the gfat gene into the adjacent af03r 
gene. The a103r gene encodes an mRNA capping en- 
zyme (Ho at, 1996). (3) Although the amounts of has, 
gfat, and udp-gicdh mRNAs that accumulated in AL- re- 
infected cells was approximately equal to that in PBCV- 
1 -infected cells, the amount of has, gfat, and udp-gicdh 
mRNAs that accumulated in NC-1 C-infected cells was 
reduced considerably. Therefore, all three viral genes 
involved in hyaluronan synthesis are expressed in two 



20 



GRAVES FT AL 



froctose-6-phospbate + glutamine ^ + glticosatnine-^phosphatc + glutamate 



y 

g\ ucosajnine- 1 -phosphate 

\ 



N- acetyl gl ucoa ami Lo* p h ale 

+ P acrtylgluccE- 



N-acctylgliJcosaniitic- 1 -phosphate 



gtuoocaoiiK 



UDP-glucose + NAD"*" 



UDP-glucui 
UDP-GIcDH 



lc acid + UDP-GlcNAc 



{a609t) 



jicurotilc acid 

^/ NADU 



HAS 

(a9Sr) 




GlcA GUN Ac 

Hyaluronan 



FIG, 6. Biosynthesis ol hyaluronan starting with fructose -6 -phosphate and UDP-glucose. Virus PBCV-1 encodes the enzyme GFAT (a7G0r), 
UDP-GIcDH (a609fl, and HAS (aSSr), The conversion of glucosamine-6-phosphaie to UDP-GlcNAc requires at least three additional steps t designated 
by the dashed arrows. The genetic sources of these three additional enzymes are unknown 



other chlorella viruses, albeit at variable levels. This 
variation could reflect slight differences In the length of 
the NC-1C infection cycle compared with PBCV-1 and 
AL-2C. 

DISCUSSION 

We previously reported that chlorella virus PBCV-1 
encodes an authentic, membrane-associated HAS 
(DeAngelis et el, 1997), The PBCV-1 has gene was ex- 
pressed in E. cofi, and as expected, the recombinant 
protein required the simultaneous presence of UDP-GIcA 
and UDP-GlcNAc and manganese for activity. Hyaluro- 
nan lyase degrades the 3-6 x 10 ff -kDa hyaluronan poly- 
saccharide product of the recombinant enzyme. Results 
presented here establish that the PBCV-1 has gene is 
expressed within 10 min after PBCV-1 infection and that 
large amounts of hyaluronan accumulate on the cell 
surface of infected algae. To our knowledge, PBCV-1 is 
the first virus to encode an enzyme that synthesizes a 
polysaccharide. Viruses generally use host-encoded gly- 
cosyltransfe rases to create new glycoconjugates or ac- 
cumulate host cell glycoconjugates during virion matu- 
ration. An ecdysteroid UDP-giucosyltransf erase encoded 
by several baculoviruses is the only previously known 
virus-encoded glycosyltransferase with a characterized 
activity (O'Reilly, 1995). The ecdysteroid UDP-glucosyl- 
transferase inactivates the insects molting hormones by 
adding a single glucose residue to the hormone. 

PBCV-1 probably encodes several other glycosyltrans- 
ferases in addition to HAS. Studies on four PBCV-1 anti- 
genic variants with altered oligosaccharide moieties on 
the three virion-assoclated glycoproteins led to the pre- 
diction that PBCV-1 encodes at least part, if not its entire, 
glycosylate machinery (Que et aL, 1994; Wang et aL 



1993). However, several observations indicate that the 
HAS enzyme described in this report does not glycosyl- 
ate the PBCV-t glycoproteins, (1) The oligosaccharide 6r 
oligosaccharides attached to the PBCV-1 glycoproteins 
contains only neutral sugars, glucose, galactose, man- 
nose, fucose, xylose, rhamnose, and arabinose (Wang et 
a!., 1993), (2) Hyaluronan accumulates on the outside of 
the virus-infected host, whereas intact infectious virus 
particles accumulate inside the host at least 30-40 min 
before release by lysis of the host cell wall. (3) Typically, 
hyaluronan is not covalently bound to a protein (Hascall 
et aL 1994; Laurent and Fraser t 1992). Therefore, we 
conclude that HAS is not involved in PBCV-1 protein 
glycosylation and that the virus encodes separate giyco : 
syttransferases for this purpose. 

Landstein et aL (1998) previously demonstrated that 
PBCV-1 encodes two additional enzymes involved in 
hyaluronan biosynthesis; GFAT and UDP-GIcDH (Fig. 6). 
UDP-GlcDH converts UDP-glucose Into UDP-GIcA, a pre- 
cursor of hyaluronan. GFAT converts fructose-6-phos- 
phate into glucosamine-6-phosphate, an intermediate in 
UDP-GlcNAc biosynthesis. Like has, the udp-glcdh and 
gfat genes are expressed early in PBCV-1 infection 
(Landstein etai, 1998). At least three additional enzymes 
are needed to convert glucosamine-6-phosphate into 
UDP-GlcNAc (Fig. 6). Sequence comparisons have failed 
to identify candidate genes encoding these enzymes in 
the viral genome. However, the presence of three virus- 
encoded hyaluronan blosynthetic enzymes suggests that 
the polysaccharide serves an important function in the 
PBCV-1 life cycle. 

The extracellular hyaluronan does not play an obvious 
rule in the interaction between PBCV-1 and its algal host 
because neither plaque size nor plaque number is al- 
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tered by including either testicular hyaluronidase or free 
hyaluronan in the top agar of the PBCV-1 plaque assay 
(OeAngelis et af. r 1997), However, the extracellular hya- 
luronan weakly inhibits attachment of additional viruses, 
especially Jate in infection (Table 1). This inhibition might 
be advantageous to PBCV-1 because it would reduce 
multiple infections. The significance of this hyaluronan- 
mediated reduction in virus attachment Is questionable, 
however, because NC64A viruses mutual ty exclude one 
another by a hyaluronan-independent mechanism 
{Chase er a/., 1989). This exclusion phenomenon, which 
has no effect on virus attachment, occurs before hyalu* 
ronan-mediated inhibition of virus attachment. 

We considered two other biological functions for the 
PBCV-1 -encoded hyaluronan; these functions are based 
on our limited knowledge of the natural history of the 
viruses, Chlorella viruses are ubiquitous in freshwater 
collected worldwide, and titers as high as 4 X 10* infec- 
tious viruses/rnl of native water have been reported (Van 
Etten et aL, 1985; Yamada et aL, 1991) The only known 
hosts for these viruses are chlorella-flke green algae that 
normally live as hereditary endosymbionts in some iso- 
lates of the ciliate Paramecium bursaria. fn the symbiotic 
unit, algae are enclosed individually in perialgat vacu- 
oles and are surrounded by a host-derived membrane 
(Reisser, 1992). The initial establishment and the long- 
term maintenance of symbiosis require that the algae 
avoid digestion by the Paramecium. Reassociation stud- 
ies with different CNoreifs spp. and algae-free P burs&ria 
indicate that only the original symbiotic algae effectively 
reestablish a long-term, stable symbiosis with the ciliate 
(Reisser, 1992), Other chlorella species are digested. 
Presumably, the relationship between the algae and the 
pararnecia require interactions of specific algal surface 
components with host membrane factors {Meints and 
Pardy, 1980; Pool, 1979). Interestingly, endosymbiotic 
chlorella are resistant to virus infection during symbiosis 
and become infected only when they are grown outside 
the pararnecia (Reisser et aL ( 1991). , 

One possible biological function for hyaluronan is that 
polysaccharide accumulation on the algal surface inhib- 
its the uptake of virus-infected algae by Paramecium. 
Prevention of the Internalization of infected algae would 
enhance virus survival because virions released inside 
the Paramecium would presumably be destroyed by the 
protozoan's digestive system. Alternatively, the chlorella 
viruses might have another host in nature; perhaps the 
virus is transmitted because this other host is attracted 
to or binds to hyaluronan on virus-infected algae. In this 
regard, it is interesting that the intestinal pathogen En- 
tamoeba histolytica has a surface protein that binds to 
hyaluronan (Renesto et aL 1997). 

However, complicating the issue of the biological sig- 
nificance of the extracellular hyaluronan in the PBCV-1 
life cycle is the finding that some chlorella viruses lack 
the has gene and do not produce extracellular hyaluro- 



nan. Furthermore, cell walls of the chlorella host infected 
with these viruses do not take on a "hairy" appearance. 
Consequently, the extracellular production of hyaluronan 
or an equivalent extracellular polysaccharide Is not es- 
sential for survival of the viruses in nature because all of 
the tested chlorella viruses have been isolated from 
natural sources within the past 18 years. In contrast, aft 
the Chloreiia NC64A viruses encode the gfat and udp- 
gicdft genes, as judged by dot-blot analysis (Landstein et 
aL 1998). 

MATERIALS AND METHODS 

Chlorella, viruses, and ptasmids 

The hosts for the chlorella viruses, Chloreffa strain 
NC64A and Chloreiia strain Pbi, were grown on MBBM 
medium {Van Etten etaL, 1983) and FES medium (Reisser 
et aL, 1938), respectively. Procedures for producing, pu- 
rifying, and plaquing virus PBCV-1 and the other chlorella 
viruses and isolating host and virus DNAs have been 
described (Van Etten et ai t 1981, 1983, 1983a). The plas- 
mid pCVHAS, which contains the PBCV-1 has gene, has 
also been described (DeAngetis ef aL, 1997). 

Detection of hyaluronan on the surface of infected 
cells 

Virus-infected cells used to measure hyaluronan ac- 
cumulation were obtained by concentrating 15 x 10 ? 
cells/ml to 2,0 x 10* ce!is/m! r infection with PBCV-1 
(rn,o,i. of 5) f and collection of 2.0 x to 6 cells at various 
times pJ. Hyaluronan was detected on the surface of 
intact, infected cells using 1£S I-HABP (Pharmacia Biotech, 
Uppsala, Sweden). Approximately 0.1 ju,Ci of '^MHABP 
was; added to the infected cells, which were then incu- 
bated on ice for 60 min. The cells were collected by 
centrlfugation, and the supernatant containing unbound, 
labeled protein was removed. The amount of radioactiv- 
ity (i.e., the amount of HABP bound to the cells) was 
determined with a gamma counter. Fluorescent visual- 
ization of hyaluronan on the surface of intact cells was 
accomplished by adding 1.5 /xg of biotinylated aggrecan, 
a hyaluronan-specific binding protein (Applied Biol i- 
gands Co., Winnipeg, Canada) to 2.0 X 10* cells in 100 yd 
and incubating on ice 60 min. The cells were washed 
three times in PBS, resuspended In 100 ^l avrdin-FITC 
conjugate diluted 1*2000 in PBS (Sigma Chemical Co,, St 
Louis, MO) followed by an additional 60-min incubation 
on ice, The cells were then washed three times in PBS. 
resuspended in 20-50 yk\ of PBS, and examined under 
UV illumination with a Zeiss Axioskop UV microscope. In 
some - experiments, duplicate samples were treated with 
10-50 units of hyaluronan-lyase (Sigma Chemical Co.) for 
60 min before the addition of the HABR Infected cells 
were also quickly frozen in liquid helium and observed 
under the electron microscope as described previously 
(Heuser, 1989). 
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Virus attachment to infected and uninfected chlorella 
cells 

Fifteen milliliters of chlorella cells (1.5 x 10 7 cells/ml) 
were infected with PBCV-1 at a m.oJ, of 5, incubated for 
15 rnln at 25°C 1 and divided into 1,5-ml samples. At 
various times after the initial PBCV-1 infection, virus P31 
[an antigenic variant of PBCV-1 (Wang 'at ai f 1993)] was 
added at a nro.i. of 5 and Incubated for 15 rnln. Samples 
were treated with PBCV-1 antiserum for 15 min, followed 
by low-speed centrifugation to remove algae, attached 
virus, and unattached PBCV-1 virus complexed to anti- 
body. The supernatant was titered for unattached P31. 

Northern and Southern analyses 

Chlorella cefls (1 x 10 s ) were collected at various 
times after PBCV-1 infection, frozen in liquid nitrogen, 
and stored at -80*C, RNA was extracted using the Trizol 
reagent (GIBCO SRL, Gaithersburg, MD), electropho- 
resed under denaturing conditions on 15% agarose/ 
formaldehyde gels, stained with ethidium bromide, and 
transferred to nylon membranes. Membranes were sub- 
sequently photographed under UV illumination to visual- 
ize transferred RNA The RNA was hybridized with either 
has, gfat, or udp-g/cdh specific probes labeled with "P 
using a random primed DNA labeling kit (GIBCO BRL) at 
65°C in 50 mM NaP0 4 , 1% BSA, and 2% SDS. After 
hybridization, radioactivity bound to the membranes was 
detected and quantified using a Storm 840 Phosphorlm- 
ager and ImageQuant software (Molecular Dynamics, 
Ina, Sunnyvale, CA>- To account for loading differences 
between samples^ the relative amount of the 3.6-kb rRNA 
in each lane was determined by converting the photo- 
graphs of the stained membranes to digita[ images using 
a Hewlett Packard ScanJet 4C scanner and analyzing the 
Images using the ImageQuant software, 

Chlorella virus DNAs for dot blots were denatured and 
applied to nylon membranes (Micron Separation Ina, 
Westborough, MA), fixed by UV cross-linking, and hybrid- 
ized with the same has gene probe used lor the Northern 
analyses. Radioactivity bound to the filters was detected 
as described above. 

Other procedures 

DNA fragments were sequenced from both strands at 
the University of Nebraska-Lincoln Center for Biotechnol- 
ogy DNA sequencing core facility. DNA and protein se- 
quences were analyzed with the University of Wisconsin 
Genetics Computer Group package of programs (Genet- 
ics Computer Group, 1997). The GenBonk Accession 
numbers for the has genes from viruses AL-2C. CA-4A. 
MA-1L, NC-1C, and XZ-5C are AF1 13753, AF1 13754, 
AF1 13755, AF1 13756, and AF1 13757, respectively. 
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supposition in a native ecosystem- The data 
presented here demonstrating that her* 
btvory by Serengeti grazers tangibly accel- 
erates the mineralization of two minerals of 
considerable importance in animal nutri- 
tion are consistent with simulation results 
from grassland ecosystem models (3), In 
addition, they indicate that the accelerated 
recycling of plant-available Na is probably 
the mechanism leading to levels of that 
animal nutrient in grazer-exploited 
Serengeti grasslands chat are sufficient to 
alleviate nutritional shortage in the graiers, 
particularly reproductive females and grow- 
ing young (5), 

Mammalian herbivores have been perva- 
sive in grasslands through evolutionary time 
(12), their levels of forage consumption are 
considerable (6, 13), and the animals accel- 
erate rather than retard nutrient cycling. 
The intensity of the plant-herbivore interac- 
tion in grasslands, and its evolutionary an- 
tiquity, may have attenuated detrimental in^ 
tecaction effects through convolution (J), 
Overgrazing of grasslands, on the other 
hand, which is commonly associated wirh 
the replacement of free-ranging wild herbi- 
vores with Livestock and rne resulting higher 
animal densities (14), often causes the re- 
placement of highly palatable forages (J5) 
that produce easily decomposable litter ( 10) 
with other plant species of lower nutritional 
quality and decornposability- 

These data provide evidence drat a ter- 
restrial grazer can modify ecosystem pro- 
cesses in such a way as to alleviate nutri- 
tional deficiencies and, therefore, plausibly 
to «, lev ate the carrying capacity of the eco- 
system. The data also identify accelerated 
nutrient cycling as an important property of 
habitats thar are critical to large mammal 
conservation (16). The coupling of animal 
site preference with nutritional effects 
could provide a guide for identifying sites 
essential for planning large mammal conser- 
vation in natural ecosystems. In addition, 
the presence of such sites, and the role of 
mammals in maintaining them, provide 
clear evidence thac habitat deterioration is 
not an inescapable consequence of in- 
creased density of organisms 
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portant structural element en. the vitreous hu- 
mor of eye, synovial fluid, and skin of verte- 
brates (J)- Furthermore, HA internees with 
pioteius such as CD44, RHAMM, and fibrin- 
ogen, thereby influencing many natural pro- 
cesses such as angiogeaesis, cancer, cell mo- 
tility, wuund healing, and cell adhesion (2). 
HA also constitutes the extracellular capsules 
of certain bacterial pathogens such as group A 
and C Sire^tucoccus and PasteureZJa mwltoaVk 
type A (3, 4)- Tlie.se capsules act as virulence 
factors that protect the microbes from phago- 
cytosis and complement during infection (5, 
6). Because HA, ^ component of the host 
tissues, is not normally immunogenic, the 
capsule serves as molecular camouflage (7). 
HA synthases (HASs) are integral mem- 



Hyaluronan Synthase of Chlorella Virus PBCV-1 

Paul L. DeAngelis,* Wei Jing, Michael V. Graves, 
Dwight Burbank, James L Van Etten 

Sequerice analysis of the 330-kilobas« genome of the virus PBCV-1 that infects a 
chlorella-like green algae revealed an open reading frame, A98R, with similarity to several 
hyaluronan synthases, Hyaluronan Is an essential polysaccharide found in higher animals 
as well as In a few pathogenic bacteria. Expression of the A98R gene product in 
Escherichia coti Indicated that the recombinant protein Is an authentic hyaluronan syn- 
thase. A9BR Is expressed early in PBCV-1 Infection and hyaluronan is produced in 
infected algae. These results demonstrate that a virus can encode an enzyme capable 
of synthesizing a carbohydrate polymer and that hyaluronan exists outside of animals 
and their pathogens. 
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brane proteins that polymerize the HA mol- 
ecule using activated uridine diphosphate 
(UDP)-sugar nucleotides as substrates 
Amino acid sequences for some HASs have 
been deduced from gene sequencing (8)\ 
their sizes range from. 419 to 588 residues. 
The vertebrate enzymes (DG42, HAS1> 
HAS 2, and HAS3) and streptococcal. Has A 
have several regions of sequence similarity. 
Recently, while sequencing the double- 
stranded DNA genome of virus PBCV-1 
{Paramecium bursar ia chlorella virus), we 
unexpectedly discovered an open reading 
frame (ORF} ( A9SR (GenBank accession 
number U42580), encoding a 5 68- residue 
protein with similarity to the known HASs 
(28 to 33% amino acid identity in poirwise 
comparisons by FAST A) {Fig. 1), 

PBCV-l is the prototype of a family 
(Phycodnaviridac) of large (175 to 190 nra 
in diameter) polyhedral „ plaque- forming vi- 
ruses tli at replicate in certain unicellular, 



eukaryotic chlorella-like green algae (9). 
PBCV-1 virions contain at least 50 differ- 
ent proteins and a lipid component located 
inside the outer glycoprotein caps id (JO). 
The PBCV-1 genome is a linear, nonper- 
muted 330-kb double-stranded DNA mole- 
cule with covalently closed hairpin ends 

On the basis of its deduced amino acid 
sequence, the A98R gene product should be 
an integral membrane protein. To test this 
hypothesis, we produced recombinant A98R 
protein in Escherichia cah. and assayed the 
membrane fraction for HAS activity {12, 
J 3). UDP-GlcA and UDP-GlcNAc were in- 
corporated into polysaccharide by the mem- 
brane fraction derived from cells containing 
the A98R ORF on a plasmid, pCVHAS, 
(average specific activity of 2.5 pmol of 
GlcA transferred per minute per microgram 
of protein), but not by samples from control 
cells (<0\001 pmol of GlcA transferred per 



minute per microgram of protein). Wo activ- 
ity was detected in the soluble fraction of 
cells transformed with pCVHAS, UDP- 
GlcA and UDP-GlcN Ac were simulta- 
neously required for polymerization. The ac- 
tivity was optimal in Hepes buffer at pH 12 
in the presence of IS mM MnCU, whereas 
no activity was detected if the metal inn was 
omitted. The ions Mg z+ and Go 2+ were 
~20% as effective as Mu z+ at similar con- 
centrations. The P. multvctdx HAS {14} has 
a similar metal requirement , but other HASs 
prefer Mg 2 " 1 "- 

We also tested the specificity of recombi- 
nant A98R for UDP-sugars (J5). Only die 
two authentic HA precursors were incorpo- 
rated into polysaccharide; neither UDP-ga- 
lacturonic acid (UDP-GalA) nor UDP-N- 
acetylgalactosamine (UDP-GalNAc) T the 
C4 epimers of UDP-GlcA or UDP-GlcNAc, 
respectively, were incorporated- Likewise , 
UDP-glucose (UDP-Glc) was not polymer- 
ized in place of either HA precursor* This 
strong substrate specificity for UDP-GlcA 
and UDP-GlcNAc is a general feature of the 
HASs HasA (13) and DG42 06). 

The recombinant A98R enzyme synthe- 
sized a polysaccharide with an average mo- 
lecular size of 3 X 10 6 to 6 X 10^ daltons 
(Flfr 2), which is smaller than that of the 
HA synthesized by recombinant HasA or 
DG42 in vitro (~10 7 daltons and -5 x 10* 
to S X 10* 5 daltons, respectively) (J3, 16). 




Fractions (ml) 

Fig, 2. Size exclusion chromatography of polymer 
product of recombinant A98R HAS, Membranes 
derived from £ cotf cells transformed with pCVHAS 
were incubated with both radiolabeled HA precur- 
sors diluted to the saite specific activity (27), After 
deproteinization and removal of unincorporated 
precursors, samples were Injected onto a 
Sephacryl S-G00HR size exclusion column, and 
the radioactivity in the fractions was measured ( 3 H r 
aoPd squares: 1 *C, solid circles). A duplicate sam- 
ple was treated with HA lyase before deproteiniza- 
tion and chromatography (*H, open sqsjares; "C, 
open circles); no polymer remains after digestion. 
Size standards: V 0 arrow, void volume, HA derived 
from recombinant streptococcal HasA (t7 ml: 
£:2 x 10 7 daltons) (73); crossmatched box, blue 
derffan (29 to 32 ml; average motecuLar size 2 
x 10 R daltons; Pharmacia!; V tJ arrow, totally includ- 
ed volume, UDP-sugars (37 ml). 
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The polysaccharide was completely degraded 
by Stxeptornyces hyalurolyticus HA lyase, an 
enzyme char depolymerizes HA but not 
structurally related glycosaminoglycatw such 
as heparin and chondral tan (17). 

Wt examined PBCV-1- infected chlor- 
ella cells For A98R gene expression . A 
~l7Q0-nucleotide A98R transcript ap- 
peared about 15 min after infection and 
disappeared by 60 min after infection 
indicating that A98R is an early gene. Con- 
sequently, we assayed membrane fractions 
from uninfected and PBCV-i -infected 
ch lore 11a cells at 50 and 90 min after infec- 
tion for HAS activity. Infected cells, but 
not uninfected cells, bad activity (Table 1). 
Like the bacteria.il y derived recombinant 
A98R enzyme, radioactive label incorpora- 
tion from UDP-[ H C]GlcA into polysaccha- 
ride depended on both Mti 2+ and UDP- 
GlcNAc, This labeled product was also de- 
graded by HA lyase. Disrupted PBCV-1 
virions had no HAS activity. 

PBCV-1 -infected chlorella cells were 
analyzed for HA polysaccharide by means of 
a highly specific ias l -labeled HA-btnding 
protein (J 9, 20). Extracts from cells at 50 
and 90 min after Infection contained sub- 
stantial amounts of HA (0.7 and 1400 ng 
per microgram of protein, respectively)* hut 
not extracts from uninfected algae (<0.04 
ng pet microgram of protein) or disrupted 
PBCV-1 virions (<0.04 ng per microgram 
of dry weight). The labeled HA-bindLng 
protein also interacted with intact infected 
cells at 50 and 90 min after infection, but 
not with healthy cells (21), Therefore, a 
considerable portion of the newly synthe- 
sized HA polysaccharide was immobilized at 
the outer cell surface of the infected algae. 



Table 1 , HAS activity of membranes derived from 
Chtonefla cells infected with PBCV-i , The mem- 
brane fractions (3?Q of protein] from unin- 
fected cells or cells at 50 and 90 rnin after infec- 
tion (al) were assayed with UDP-[ 14 C)GicA (60 
ilM. 0.02 M>Ci) in parallel reactions containing the 
following components as Indicated (300 jlM UDP- 
GIcNAc or 1 5 mM MnCI^ or both) for 1 hour at 
30 fl C t?8), HAS specific activity (presented as pi- 
comoles of [ lJ *C]GlcA transferred per hour per mil- 
ligram of protein) was detected in trie algal mem- 
branes after infection with PBCV- 1 , but hot J n un- 
infected cells. 
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The extracellular HA does not play any 
obvious role in die interaction between the 
virus and its algal host because neither 
plaque size nor plaque number was altered 
by including either testicular hyaluronidase 
(465 units/ml) or free HA polysaccharide 
(100 u-g/ml) in the top agar of the PBCV-1 
plaque assay (9). 

Among chlorella viruses, HA biosynthe- 
sis during Infection is not limited to the 
PBCV-1 prototype strain. Thirty 7 three in- 
dependently isolated and plaque-purified 
vimses from the United States, South 
America, Asia, and Australia were rested 
for the presence of an A98R4ike gene and 
for the ability to direct production of HA 
polysaccharide in Chlorella NC64A. Dot- 
blot hybridization analyses of the individual 
viral genomes with the PBCvM A98R 
probe indicated that 19 isolates (58%) had 
a similar gene; the algal host DNA did not 
cross-react with the probe (21). Chlorella 
cells infected with each of these 19 viruses 
produced cell surface HA as measured by 
interaction with the 1 2 * UH A- binding pro- 
tein {21^ 

Surprisingly, the PBCV-1 genome also 
has additional genes, named A609L and 
A I OCR, that encode for a UDP-Glc dehy- 
drogenase (UDP-Glc DH) and a glutamine; 
fruc tose-6 - ph osphate am idocransferase 
(GFAT), respectively. UDP-Glc DH con- 
verts UDP-Glc into UDP-GlcA, a required 
precursor for HA biosynthesis. GFAT con- 
verts fruc tose-6- phosphate into glucos- 
amine-6-phosphate, an intermediate in the 
UDP-GlcHAc metabolic pathway- Both of 
these PBCV-1 genes, like the A9BR HAS, 
are expressed early in infection and encode 
euzymatically active proteins (22); howev- 
er, these three genes do not function as an 
operon. Although two of these genes, A98R 
and AJO0R, are near one another in the 
viral genome (bases 50,901 to 52,607 and 
52 ,706 to 54>493, respectively), A609L is 
located —240 kb away and is transcribed in 
the opposite orientation (bases 292,916 to 
291,747), The presence of multiple enzymes 
in the HA biosynthesis pathway indicates 
that HA production must serve an impor- 
tant function in the life cycle of these 
chlorella viruses. 

The details of the natural history of the 
phycodna viruses are unknown. These vi- 
ruses are ubiquitous in freshwater collect- 
ed worldwide, and titers as high as 4 X 10 4 
infectious viruses per milliliter of native 
water have been reported (23). The only 
known hoses for these viruses are chlor- 
cl la-like greuii algae, which normally live 
as hereditary endosymbionts in some iso- 
lates of the c ili ate, P. hvrsaria. In the 
symbiotic unit, algae are enclosed individ- 
ually in perianal vacuoles and are sur- 
rounded by a hrat-de lived membrane 



{24), The endosymbiotic chlorella are re- 
sistant to virus infection and are only in- 
fected when they are outside the Parame- 
cium (9). We hypothesize that HA syn- 
thesis and its accumulation on the algal 
surface may block the uptake of virus- 
infected algae by the Paramecium. Alter- 
natively, the chlorella viruses might have 
another host in nature (such as an aquatic 
animal); perhaps the virus is transmitted 
because this other host is arrracted to or 
binds to the HA polysaccharide on virus- 
infected algae. 

As depicted in Fig. 1, HASs of Streptococ- 
cic, vertebrates , and PBCV-1 have many 
motifs of two to four residues that occur in 
the same relative order. These conserved 
motifs probably reflect domains crucial for 
HA biosynthesis. Regions of similarity be- 
tween HASs and orhcr enzymes chax synthe- 
size (3-1 inked polysaccharides from UDP-sug- 
ar precursors are also being discovered as 
mote glytray [transferases are sequenced 
(25). The significance of these simitar struc- 
tural motifs will become more apparent as 
the three-dimensional structures of glycosyl- 
txansferases are determined. 

The fact that Cfitareik virus FBCV-1 
encodes a functional glycosyitransferase 
that can synthesize HA is contrary to the 
general observation rhac viruses either (\) 
use host cell glycosyl transferases to create 
new carbohydrate structures, or (ii) accu- 
mulate host cell gLycoconjugarjes during 
virion maturation. Furthermore > HA has 
been generally regarded as restricted to an- 
imals and a few of their vimlent bacterial 
pathogens. Though many plant carbohy- 
drates have been characterized, to our 
knowledge, neither HA nor a related analog 
has previously been detected in cells of 
plants or promts. 
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Scat3 participates in signal transduction 
pathways activated by the 1L-6 family of 
cytokines and by epidtniial growth factor 
(lj 2). StHt3 is also activated in cells 
treated with leptin, a growth hormone 
that functions in regulating food intake 
and energy expenditure (3). Targeted dis- 
ruption of the mouse gene encoding Srat3 
leads to early embryonic lethality (-4), Like 
other member* of the STAT family, Stat3 
becomes tyrosine phosphorytated by Janus 
kinases (JAKs). Fhosphorylated StarJ 
then forms a dimet and translocates into 
the nucleus to activate specific genes (5), 
We cloned a protein named PlASl, 
which can specifically interact with Statl 
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(aiiother member of the STAT family), by 
the yeast two-hybrid assays (6). We 
searched the expressed sequence tag 
(EST) database for other. PI AS family 
membets and identified a human EST 
clone encoding a polypeptide related to 
the COO H- terminal portion of PIASl 
{?). We obtained a full-length cDNA con- 
taining an open reading frame of 583 ami- 
no acids by screening a mouse thymus 
lib tan 7 w i ta tl * e human EST clone (S), 
The corresponding protein, named PIAS3, 
contains a putative zirtc-hlnding motif 
[C2-(X) 2r C 1 ] (9) + a feature conserved in 
the PI AS family (Fig. 1A). Northern 
(RNA) bbt analysis indicated that PIAS3 
is widely expressed in various human tis- 
sues (Fig. IB). 

To study the function of PI AS J; we 
prepared a specific antiserum (antt- 
PlAS3c) to a recombinant fusion protein 
of glutathione -S- transferase (GST) wich 
the 79 CCX3H-terminn1 amino acid resi- 
dues of F1AS3. This antibody detected a 
protein with a molecular mass of about 63 
kD, die predicted st^e of PtAS3 t in hodi 
cytoplasmic and nuclear extracts ol" a 
number of human and murine cell lines 
(10). To identify which STAT protein 
interacts with P(AS3, we, prepared protein 



Specific Inhibition of Stat3 Signal 
Transduction by PIAS3 

Chan D. Chung,* Jiayu Liao,* Bin Liu, Xiaoping Rao, 
Philippe Jay, Philippe Berta, Ke Shuait 

The signal transducer and activator of transcript! on-3 (Stat3} protein is activated by the 
interleuWri 6 (1L-6) family of cytokines, epidermal growth factor, and leptin. A protein 
named P1AS3 (protein inhibitor of activated STAT) that binds to Stat3 was isolated and 
characterized. The association of PIAS3 with Stat3 in vivo was only observed In cells 
stimulated with iJgands that cause the activation of Stat3- PIAS3 blocked the DNA- 
binding activity of Stat3 and inhibited Stat3- mediated gene activation. Although Statl is 
also phosphorylatecJ in response to IL-6, PIAS3 did not interact with Statl or affect its 
DNA-binding or transcriptional activity. Hie resutts Indicate that PIAS3 is a specific 
inhibitor of Stat3. 
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BACKGROUND OF THE INVENTION 
IS i * Field of the Invention. 

The present invention relates to a nucleic acid segment having 
a coding region segment encoding enzymatically active Streptococcus 
eguisimiliB hyaluronate synthase (seHAS) , and to the use of this 
nucleic acid segment in the preparation of recombinant cells which 
20 produce hyaluronate synthase and its hyaluronic acid product* 
Hyaluronate is also known as hyaluronic acid or hyaluronan. 
2. Brief Description of the Related Art. 

The incidence of streptococcal infections is a major health 
and economic problem worldwide, particularly in developing 
25 countries . One reason for this is due to the ability of 
Streptococcal bacteria to grow undetected by the body's phagocytic 
cells, i.e. , macrophages and polymorphonuclear cells (PMNs) . These 
cells are responsible for recognizing and engulfing foreign 
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microorganisms. One effective way le bacteria evade surveillance 
is by coating themselves with polysaccharide capsules, such as a 
hyaluronic acid (HA) capsule. The tructure of HA is identical in 
both prokaryotes and eukaryotes . iince HA. is generally 
nonimmunogenic , the encapsulated b — :teria do not elicit an immune 
response and are, therefore, n — : targeted for destruction. 
Moreover, the capsule exerts an antiphagocytic effect on PMNs in 
vitro and prevents attachment of Streptococcus to macrophages. 
Precisely because of this, in Grou^^L and Group C Streptococci, the 
HA capsules aire major virulence £a c 'j ts in natural and experimental 
infections. Group A Streptococci — are responsible for numerous 
human diseases including pharyi^itis, impetigo, deep tissue 
infections, rheumatic fever and a sxic shock-like syndrome. The 

Group C streptococcus equisiiui Jis i responsible for osteomyelitis, 

pharyngitis, brain abscesses, and neumonia. 

Structurally, HA is a t=?h molecular weight linear 
polysaccharide of repeating disac=haride units consisting of N- 

acetyl glucosamine (GlcNAc) and gli uronic acid (GlcA) . The number 

of repeating disaccharides in an ~ molecule can exceed 30,000, a 
M r >10 7 . KA is the only glycos£=inogylcan synthesized by both 
mammalian and bacterial cells jarticularly Groups A and C 
Streptococci and Type A Pasturell multocida. These strains make 
HA which is secreted into the mecMim as well as HA capsules. The 
mechanism by which these bacte a synthesize HA is of broad 
interest medicinally since the p=duction of the HA capsule is a 
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very efficient and clever way that Streptococci use to evade 
surveillance by the immune system . 

HA is synthesized by mammalian and bacterial cells by the 
enzyme hyaluronate synthase which has been localized to the plasma 
membrane. It is believed that the synthesis of HA in these 
organisms is a multi-step process. Initiation involves binding of 
an initial precursor, UDP-GlcNAc or UDP-GlcA. This is followed by 
elongation which involves alternate addition of the two sugars to 
the growing oligosaccharide chain. The growing polymer is extruded 
across the plasma membrane region of the cell and into the 
extracellular space. Although the HA biosynthetic system was one 
of the first membrane heteropolysaccharide synthetic pathways 
studied, the mechanism of HA synthesis is still not well 
understood. This maybe because in vitro systems developed to date 
are inadequate in that de novo biosynthesis of HA has not been 
accomplished . 

The direction of HA polymer growth is still a matter of 
disagreement among those of ordinary skill in the art. Addition of 
the monosaccharides could be to the reducing or nonreducing end of 
the growing HA chain. Furthermore, questions remain concerning (i) 
whether nascent chains are linked covalently to a protein , to UDP 
ox- to a lipid intermediate, (ii) whether chains are initiated using 
a primer, and (iii) the mechanism by which the mature polymer is 
extruded through the plasma membrane of the streptococcus. 
Understanding the mechanism of HA biosynthesis may allow 

3 
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development of alternative strategi— * to control streptococcal and 
Pasturella. infections by interferir= in the process. 

HA has been identified in virtually every tissue in 
vertebrates and has achieved wide^aread use in various clinical 
applications, most notably and appr— triately as an intra -articular 
matrix supplement and in eye surge r. The scientific literature 
has also shown a transition from th^^>riginal perception that HA is 
primarily a passive structural con — >nent in the matrix of a few 
connective tissues and in the c >sule of certain strains of 
bacteria to a recognition that th •* ubiquitous macromolecule is 
dynamically involved in many foiolog— al processes: from modulating 
cell migration and differentiation during etnbryogenesis zo 
regulation of extracellular matrix rganization and metabolism to 
important roles in the complex pzz^cesses of metastasis, wound 
healing, and inflammation. Furthe it is becoming clear that HA 
is highly inetabolically active and hat cells focus much attention 
on the processes of its synthesis a L catabolism. For example, the 
half ^life of HA in tissues ranges fZr>m 1 to 3 weeks in cartilage to 
<1 day in epidermis- 

It is now clear that a sing — s protein utilizes both sugar 
substrates to synthesize HA. Th— abbreviation HAS , for the HA 
synthase, has gained widespread au — >ort for designating this class 
of enzymes. Markovitz efc al . suc=sa fully characterized the HAS 
activity from Streptococcus pyoge^s and discovered the enzymes' s 
membrane localization and its retirements for sugar nucleotide 
precursors and Mg 2+ . Prehm found hat elongating HA, made by *E6 
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cells, was digested by hyaluronidase added to the medium and 
proposed that HAS resides at the plasma membrane. Philipson and 
Schwartz also showed that HAS activity cofractionated with plasma 
membrane markers in mouse oligodendroglioma cells. 

HAS assembles high HA that is simultaneously extruded 
through the membrane into the extracellular space (or to make the 
cell capsule in the case of bacteria) as glycosaminoglycan 
synthesis proceeds* This mode of biosynthesis is unique among 
macromolecules since nucleic acids, proteins, and lipids are 
synthesized in the nucleus, endoplasmic reticulum/Golgi, cytoplasm , 
or mitochondria. The extrusion of the growing chain into the 
extracellular space also allows for unconstrained polymer growth, 
thereby achieving the exceptionally large size of HA, whereas 
confinement of synthesis within a Golgi or post-Golgi compartment 
could limit the overall amount or length of the polymers formed. 
High concentrations of HA within a confined lumen could also create 
a high viscosity environment that might be deleterious for other 
organelle functions. 

Several studies attempted to solubilize, identify, and purify 
H&S from strains of Streptococci that make a capsular coat of HA as 
well as f rem ■ eukaryotic cells. Although the streptococcal and 
murine oligodendroglioma enzymes were successfully detergent - 
solubilized and studied, efforts to purify an active HAS for 
further study or molecular cloning remained unsuccessful for 
decades. Prehm and Mausolf used periodate-oxidised UDP-GlcA or 
UDP-GlcNAc to affinity label a protein of -52 kDa in streptococcal 

5 
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membranes that co -purified with HAS This led to a report claiming 
that the Group C streptococcal had been cloned, which was 

unfortunately erroneous. This tudy failed to demonstrate 
expression of an active synthase may have actually cloned a 

peptide transporter . Triscott and ran de Rijn used digitonin to 

solubilize HAS from streptococcal m ibranes in an active form. Van 
de Rijn and Drake selectively radiolabeled three streptococcal 
membrane proteins of 42, 33 , and 2~ kDa with B^azido-UCP-GlcA and 

suggested that the 3 3 -kDa protei was HAS. As shown later, 

however, HAS actually turned out t«=be the 4 2 -kDa protein. 

Despite these efforts , pr rress in understanding the 
regulation and mechanisms of HA syi^iesis was essentially stalled, 
since there were no molecular prob j for HAS mRJSJA or HAS protein, 
A major breakthrough occurred in 1993 when DeAngelis et al . 
reported the molecular cloning and haracterization of the Group A 
streptococcal gene encoding the pr^ein HasA . This gene was known 
to be in part of an operon regui&d for bacterial HA synthesis, 
although the function of this pro^in, which is now designated as 
spHAS [the S. pyogenes HAS) , was uzaiown. spHAS was subsequently 

proven to be responsible for HA slongation and was the first 

glycosaminoglycan synthase identified and cloned and then 
successfully expressed. The S. pyogenes HA synthesis operon 
encodes two other proteins- HasB s a UDP-glucose dehydrogenase, 
which is required to convert UDP — Lucose to UDP-GlcA,. one of the 
substrates for HA synthesis. HasC is a UDP-glucose 

pyrophosphorylase, which is requir t to convert glucose 1 -phosphate 
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and UTP to UDP-glucose. Co-transf ection of both hasA and haeB 
genes into either acapsular Streptococcus strains or Ehteroccus 
faecal is conferred them with the ability to synthesize HA and form 
a capsule- This provided the first strong evidence that HasA is an 
HA synthase. 

The elusive HA synthase gene was finally cloned by a 
transposon mutagenesis approach, in which an acapsular mutant Group 
A strain was created containing a transposon interruption of the HA 
synthesis operon. Known sequences of the transposon allowed the 
region of the junction with streptococcal DNA to be identified and 
then cloned from wild-type cells* The encoded spHAS was 5-10% 
identical to a family of yeast chitin synthases and 30% identical 
to the Xenopus laevis protein DG42 (development ally expressed 
during gastrulation) , whose function was unknown at the time. 
DeAngelis and Wei gel expressed the active recombinant spHAS in 
Escherichia coli and showed that this single purified gene product 
synthesizes high M r HA when incubated in vitro with UDP-GlcA and 
UDF-GlcNAc, thereby showing that both glycosyltransf erase 
activities required for HA synthesis are catalyzed by the same 
protein, as first proposed in 1959. This set the stage for the 
almost simultaneous identification of cukaryotic HAS cDNAs in 199G 
by four laboratories revealing that HAS is a multigene family 
encoding distinct isozymes. Two genes (HAS! and HAS2) were quickly 
discovered in mammals (29-34) , and a third gene HAS 3 was later 
discovered. A second streptococcal seHAS or Streptococcus 
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eqrui similis hyaluroriate synthase, as now been found and. is the 
invention being claimed and disclo ;d herein- 

As indicated, we have also id itified the authentic HAS gene 
from Group C Streptococcus equislms+is (seHAS) ; the seHAS protein 
has a high level of identity i ap — oximatelv 70 percent) to the 
spHAS enzyme. This identity, howe=ir, is interesting because the 
seHAS gene does not cross -hybridi^= to the spHAS gene* 

Membranes prepared from E. ccd expressing recombinant seHAS 
synthesize HA when both substrat ; are provided. The results 
confirm that the earlier report of ansing et al. claiming to have 
cloned the Group C HAS was wrong, Jnf ortunately , several studies 

have employed antibody to this unch -acterized 52-kDa streptococcal 

protein to investigate what was believed to be eukaryotic HAS « 

Itano and Kimata used expre^^Lon cloning in a mutant mouse 
mammary carcinoma cell line, unab] — to synthesize HA, to clone the 
first putative mammalian HAS cDNA mHASl) . Subclones defective in 
HA synthesis fell into three separate classes that were 
complementary for HA synthesis in ^matic cell fusion experiments, 
suggesting that at least three pro — :ins are required. Two of these 
classes maintained some HA synthe ,c activity, whereas one showed 
none. The latter cell line was Jised in transient transfection 
experiments with cDNA prepared fr= the parental cells to identify 
a single protein that restored 1= synthetic activity. Sequence 
analyses revealed a deduced prima r structure for a protein of -65 
kDa with a predicted membrane to ilogy similar to that of spHAS . 
tnmHASl is 30% identical to spHAS md 55% identical to DG42. *rhe 
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same month this report appeared, three other groups submitted 
papers describing cDNAs encoding what was initially thought to be 
the same mouse and human enzyme . However , through an extraordinary 
circumstance, each of the four laboratories had discovered a 
separate HAS isozyme in both species. 

Using a similar functional cloning approach to that of Itano 
and Kimata, Shyjan et al. identified the human homolog of HAS 1. 
A mesenteric lymph node cDNA library was used to transf ect murine 
mucosal T lymphocytes that were then screened for their ability to 
adhere in a rosette assay. Adhesion of one transf ectant was 
inhibited by antisera to CD44 1 a known cell surface HA- binding 
protein, and was abrogated directly by pretreatment with 
hyaluronidase < Thus, resetting by this transf ectant required 
synthesis of HA. Cloning and sequencing of the responsible cDNA 
identified hsHASl. Itano and Kimata also reported a human HAS1 
cDNA isolated from a fetal brain library. The hsHASl cDNAs 
reported by the two groups, however, differ in length; they encode 
a 578 or a 543 amino acid protein . HAS activity has only been 
demonstrated for the longer form. 

Based on the molecular identification of spHAS as an authentic 
HA synthase and regions of near identity among DG42, spHAS, and 
NodC (a j3-GlcKAc transferase nodulation factor in Rhlzoblum) , 
Spicer et al ♦ used a degenerate RT-PCR approach to clone a mouse 
embryo cDNA encoding a second distinct enzyme, which is designated 
mmHAS2. Transf ection of mmHAS2 cDNA into COS cells directed de 
novo production of an HA cell coat detected by a particle exclusion 
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assay , thereby providing strong evi — mce that the HAS 2 protein can 
synthesize HA. Using a similar approach, Watanabe and Yamaguchi 
screened a human fetal brain cDN — library to identify hsHA32 , 
Fulop et al . independently used <=similar strategy to identify 
mmHAS2 in RNA isolated from ov — rian cumulus cells actively 
synthesizing HA, a critical proce^ for normal cumulus oophorue 
expansion in the pre-ovulatory Follicle. Cumulus cell-oocyte 
complexes were isolated from mice mediately after initiating an 
ovulatory cycle, before HA synthe s begins, and at later times 
when HA synthesis is just beginnii — (3 h) or already apparent {4 
h) , RT-PCR showed that HAS2 te — *A was absent initially but 
expressed at high levels 3-4 h late= suggesting that transcription 
of HAS2 regulates HA synthesis in his process. Both hsHAS2 are 
552 amino acids in length and are=98% identical- mmHASl is 583 

amino acids long an 95% identical to hsHASl, which is 5 78 amino 

acids long. 

Most recently Spicer et al . u id a PGR approach to identify a 

third HAS gene in mammals. The mr— A£3 protein is 554 amino acids 
long and 71, 56, and 28% ident :al, respectively, to mmHASl, 
mmHAS2 1 DG42, and spHAS . Spicer >t al . have also localized the 
three human and mouse genes to thr^ different chromosomes (HAS! to 

hsChr 19/mmChr 17; HAS2 to hsChr 8 .mChr 15 ; HAS3 to hsChr 16/mmChr 

8) . Localization of the three HA genes on different chromosomes 

and the appearance of HA throughc=t the vertebrate class suggest 
that this gene family is ancien^and that isozymes appeared by 
duplication early in the evolutz=Dn of vertebrates. The high 

l 
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identity (-30%) between the bacterial and eukaryotie HA£s also 
suggests that the two had a common ancestral gene. Perhaps 
primitive bacteria usurped the HAS gene from an early vertebrate 
ancestor before the eukaryotic gene products became larger and more 
complex. Alternatively, the bacteria could have obtained a larger 
vertebrate HAS gene and deleted regulatory sequences nonessential 
far enzyme activity. 

The discovery of X. laevi^ DG42 by Dawid and co-workers played 
a significant role in these recent developments, even though this 
protein was not known to be an HA synthase. Nonetheless, that DG42 
and spHAS were 3 0V identical was critical for designing 
oligonucleotides that allowed identification of mammalian HAS2 . 
Ironically, definitive evidence that DG42 is a bona, fide HA 
synthase was reported only after the discoveries of the Mammalian 
isozymes f when DeAngelis and Achyuthan expressed the recombinant 
protein in yeast (an organism that cannot synthesize HA) and showed 
that it synthesizes HA when isolated membranes are provided with 
the two substrates. Meyer and Kreil also showed that lysates from 
cells transfected with cBNA for DG42 synthesize elevated levels of 
HA. Now that its function is known, DG42 can, therefore, be 
designated X1HAS. 

There are common predicted structural features shared by all 
the HAS proteins, including a large central domain and clusters of 
2-3 transmembrane or membrane -associated domains at both the amino 
and carboxyl ends of the protein. The central domain, which 
comprises up to -88% of the predicted intracellular HAS protein 
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sequences , probably contains the c=:alytic regions of the enzyme. 
This predicted central domain is 2^ amino acids long in spHAS (63% 
of the total protein) and 3 07-32B usidues long in the eukaryotic 
HAS members (54-56% of the total ■otein) . The exact number and 
orientation of membrane domains an<=:he topological organization of 
extracellular and intracellular — loops have not yet been 
experimentally determined for any AS. 

spHAS is a HAS family memb 1 that has been purified and 
partially characterized. Initia studies using spHAS/ alkaline 
phosphatase fusion proteins ind — ate that the H terminus, C 
terminus, and the large central omain of spHAS are, in fact, 
inside the cell. spHAS has 6 cy=ines f whereas HAS1, HAS2 r and 
HAS3 have 13, 14 and 14 Cys resides , respectively. Two of the 6 
Cys residues in spHAS are conserve — and identical in HAS1 and HAS2 . 
Only one conserved Cys residue is :>und at the same position {Cys- 
225 in spHAS} in all the HAS f=ily members. This may be an 
essential Cys whose modification y sulfhydryl poisons partially 
inhibits enzyme activity. The pos .ble presence of disulfide bonds 
or the identification of criticaZZCys residues needed for any of 
the multiple HAS functions noted Mlow has not yet been elucidated 
for any members of the HAS family — 

In addition to the proposed .nique mode of synthesis at the 
plasma membrane, the HAS enzyme amily is highly unusual in the 
large number of functions require for the overall polymerization 
of HA. At least six discrete act:SLties are present within the HAS 
enzyme: binding sites for earn of the two different sugar 
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nucleotide precursors (UDP-GlcNAc and UDP-GlcA) , two different 
glycosyltransf erase activities, one or more binding sites that 
anchor the growing HA polymer to the enzyme {perhaps related to a 
B-X?-B motif) , and a ratchet -like transfer reaction that moves the 
growing polymer one sugar at a time- This later activity is likely 
coincident with the stepwise advance of the polymer through the 
membrane. All of these functions, and perhaps others as yet 
unknown, are present in a relatively small protein ranging in size 
from 419 (spHAS) to 588 (xHAS) amino acids. 

Although all the available evidence supports the conclusion 
that only the spHAS protein is required for HA hiosynthesis in 
bacteria or in vitro, it is possible that the larger eukaryotic KAS 
family members are part of mult i component complexes. Since the 
eukaryotic HAS proteins are -40% larger than spHAS, their 
additional protein domains could be involved in more elaborate 
functions such as intracellular trafficking and localization, 
regulation of enzyme activity, and mediating interactions with 
other cellular components* 

The unexpected finding that there are multiple vertebrate HAS 
genes encoding different synthases strongly supports the emerging 
consensus that HA is an important: regulator of cell behavior and 
not simply a structural component in tissues. Thus, in less than 
six months, the field moved from one known, cloned HAS (spHAS) to 
recognition of a multigene family that promises rapid, numerous, 
and exciting future advances in our understanding of the synthesis 
and biology of HA. 

13 
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For example, disclosed herei ifter are the sequences of the 
two HAS genes: from Pasturella. mltocida.; and (2) Paramecium 
bursaria. chlorella virus (PBCV^l The presence of hyaluronan 

synthase in these two systems and he purification and use of the 
hyaluronan synthase from these tw=different systems indicates an 
ability to purify and isolate n=rleic acid sequences encoding 
enzymatically active hyaluronan= synthase in many different 
prokaryotic and viral sources. 

Group C Streptococcus equisir^zliG strain D181 synthesizes and 
secretes hyaluronic acid (HA) . In — stigators have used this strain 
and Group A Streptococcus pyogene irains , such as S43 and Alll, to 
study the biosynthesis of HA Lnd to characterise the HA- 
synthesizing activity in terms of ~s divalent cation requirement, 
precursor (UDP-GlcNAc and UDP-Glc utilization, and optimum pH. 

Traditionally, HA has been p^ared commercially by isolation 
from either rooster combs or extra llular media from Streptococcal 
cultures- One method which has be^n developed for preparing HA is 
through the use of cultures of HA-goducing Streptococcal bacteria. 
U-S. Patent No_ 4,517,29 5 descriJMs such a procedure wherein HA- 
producing Streptococci are fermen id under anaerobic conditions in 
a COj-enriched growth medium. fnder these conditions, HA is 
produced and can be extracted froi— the broth. It is generally felt 
that isolation of HA from rooster ambs is laborious and difficult, 
since one starts with HA in a le^ pure state- The advantage of 
isolation from rooster combs is Hat the HA produced is of higher 
molecular weight- However, preparation of HA by bacterial 
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fermentation is easier, since the HA is of higher purity to start 
with. Usually, however, the molecular weight of HA produced in 
this way is smaller than that from rooster combs. Therefore, a 
technique that would allow the production of high molecular weight 
HA by bacterial fermentation would be an improvement over existing 
procedures * 

High molecular weight HA has a wide variety of useful 
applications — ranging from cosmetics to eye surgery. Due to its 
potential for high viscosity and its high biocompatibility , HA 
finds particular application in eye surgery as a replacement for 
vitreous fluid. HA has also been used to treat racehorses for 
traumatic arthritis by intra -articular injections of HA, in shaving 
cream as a lubricant, and in a variety of cosmetic products due to 
its physiochemical properties of high viscosity and its ability to 
retain moisture for long periods of time- In fact, in August of- 
1997 the U.S. Food and Drug Agency approved the use of high 
molecular weight HA in the treatment of severe arthritis through 
the injection of such high molecular weight HA directly into the 
affected joints. In general, the higher molecular weight HA that 
is employed the better. This is because HA solution viscosity 
increases with the average molecular weight of the individual HA 
polymer molecules in the solution. Unfortunately, very high 
molecular weight HA, such as that ranging up to 10 7 , has been 
difficult to obtain by currently available isolation procedures. 

To address these or other difficulties, there is a need for 
new methods and constructs that can be used to produce HA having 
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one or more improved properties ewi as greater purity or ease of 
preparation. In particular, there 3 a need to develop methodology 
for the production of larger amoui=s of relatively high molecular 
weight and relatively pure HA tzzan is currently commercially 
5 available . There is yet anothe — need to he able to develop 

methodology for the production : HA having a modified size 
distribution (HA 4jbLm ) as well as l having a modified structure 

The present invention addres s one or more shortcomings in 
10 the art. Using recombinant DNA tecnology, a purified nucleic acid 

segment having a coding region eric Ling enzymatically active seHAS 
is disclosed and claimed in conjurn^ion, with methods to produce an 
enzymatically active HA synthase, 3 well as methods for using the 
nucleic acid segment in the prepai — ;ion of recombinant cells which 
15 produce HAS and its hyaluronic ac product - 

Thus , it is an ob j ect of th^resent invention to provide a 
purified nucleic acid segment h r ing a coding region encoding 
enzymatically active HAS . 

It is a further object of th present invention to provide a 

20 recombinant vector which includes i purified nucleic acid segment 

having a coding region encoding e=^ymatically active HAS, 

Xt is still a further obj^— ; of the present invention to 
provide a recombinant host cell transformed with a recombinant 
vector which includes a pur if iee= nucleic acid segment having a 
25 coding region encoding enzymafcic^ly active HAS, 
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It is yet another object of the present invention to provide 
a method for detecting a bacterial cell that expresses HAS - 

It is another object of the present invention to provide a 
method for producing high and/or low molecular weight hyaluronic 
5 acid from a hyaluronate synthase gene , such as seHAS , as well as 

method© for producing HA having a modified size distribution and/or 
a modified structure. 

These and other objects of the present invention will become 
apparent in light of the attached specification, claims , and 
10 drawings . 

BRIEF SUMMARY OF THE INVENTION 
The present invention involves the application of recombinant 
DNA technology to solving one or more problems in the art of 
hyaluronic acid (HA) preparation . These problems are addressed 
15 through the isolation and use of a nucleic acid segment having a 

coding region encoding the enzytnatically active Streptococcus 
egoiisimilis (seHAS) hyaluronate synthase gene , a gene responsible 
for HA chain biosynthesis. The seHAS gene was cloned from DNA of 
an appropriate microbial source and engineered into useful 
2 0 recombinant constructs for the preparation of HA and for the 

preparation of large quantities of the HAS enzyme itself. 

The present invention encompasses a novel gene , seHAS . The 
expression of this gene correlates with virulence of Streptococcal 
Group A and Group C strains, by providing a means of escaping 
2 5 phagocytosis and immune surveillance . The terms ri hyaluronic acid 

synthase " f " hyaluronate synthase " , "hyaluronan synthase" and ,r HA 
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synthase '* , are used interchangeai:^ r to describe an enzyme that 
polymerizes a glycosaminoglycan polysaccharide chain composed of 
alternating - glucuronic acid and N- letylglucos amine sugars, 0 1*3 
and 1,4 linked. The term " se^S 1 ' describes the HAS enzyme 

5 derived from streptococcus eoTiisiji^:i.s» 

The present invention r-tcerns the isolation and 
characterisation of a hyaluronate c=hyaluronic acid synthase gene, 
cDNA, and gene product (HAS) , as ma — be used for the polymerization 
of glucuronic acid and N — cetylglucosamine into the 
10 glycosaminoglycan hyaluronic ac i. The present invention 

identifies the seHAS locus and diseases the nucleic acid, sequence 
which encodes for the enzymati ,lly active seHAS gene from 
Streptococcus GQulslmxlls . The HA — gene also provides a new probe 

to assess the potential of b. Lerial specimens to produce 

15 hyaluronic acid. 

Through the application of te=iniqucs and knowledge set forth 

herein , those of skill in the art vi 11 be able to obtain nucleic 

acid segments encoding the seHAS me . As those of skill in the 
art will recognize , in light of the present disclosure , these 

20 advantages provide significant ut i l ty in being able to control the 

expression of the seHAS gene and ontrol the nature of the seHAS 
gene product , the seHAS enzyme , t Lt is produced - 

Accordingly, the invention i . directed to the isolation of a 

purified nucleic acid segment; wh=h has a coding region encoding 
25 enzymatically active HAS , whet] — r it be from prokaryotic or 

eu'Karyotic sources . This is p< s ible because the enzyme , and 
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BACKGROUND OF THE INVENTION 
15 i. Field of the Invention. 

The present invention relates to a nucleic acid segment having 
a coding region segment encoding enzymatically active Streptococcus 
equisimillB hyaluronate synthase (seHAS) t and to the use of this 
nucleic acid segment in the preparation of recombinant cells which 
20 produce hyaluronate synthase and its hyaluronic acid product. 
Hyaluronate is also known as hyaluronic acid or hyaluronan. 
2, Brief Description of the Related Art, 

The incidence of streptococcal infections is a major health 
and economic problem worldwide , particularly in developing 
25 countries. One reason for this is due to the ability of 
Streptococcal bacteria to grow undetected by the body s phagocytic 
cells, i.e. , macrophages and polymorphonuclear cells (PMNs) . These 
cells are responsible for recognizing and engulfing foreign 
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microorganisms- One effective way ie bacteria evade surveillance 
is by coating themselves with polype char ids capsules , such as a 
hyaluronic acid (HA) capsule. The tructure of HA is identical in 
both prokaryotee and eukaryotes . since HA is generally 
norvimmunogenic, the encapsulated b rteria do not elicit an immune 

response and are, therefore, 1a : targeted for destruction. 

Moreover, the capsule exerts an antiphagocytic effect on PMKs in 
vitro and prevents attachment of Streptococcus to macrophages. 
Precisely because of this, in Groups and Group C Streptococci, the 
HA capsules are major virulence fac==ors in natural and experimental 

infections. Group A Streptococci are responsible for numerous 

human diseases including pharyr=D.ti£ , impetigo, deep tissue 
infections, rheumatic fever and a nxic shock-like syndrome. The 

Group C Streptococcus equisimilis i responsible for osteomyelitis, 

pharyngitis, brain abscesses, and neumonia. 

Structurally, HA is a h=?h molecular weight linear 
polysaccharide of repeating disaczzharide units consisting of N- 

acetylglucos amine (GlcNAc) and gli uronic acid (GlcA) . The number 

of repeating disaccharides in an ~ molecule can exceed 3 0,000, a 
M^IO^ . HA is the only glycoSc=inogylcan synthesized by both 
mammalian and bacterial cells >articularly Groups A and C 
Streptococci and Type A Pasturell multocida. These strains make 
HA which is secreted into the medBbm as well as HA capsules. The 
mechanism by which these bacte a synthesize HA is of broad 
interest medicinally since the production of the HA capsule is a 
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very efficient and clever way that Streptococci use to evade 
surveillance by the immune system. 

HA is synthesized by mammalian and bacterial cells by the 
enzyme hyaluronate synthase which has been localized to the plasma 
membrane* Xt is believed that the synthesis of HA in these 
organisms is a multi-step process. Initiation involves binding of 
an initial precursor, UDP-GlcHAc or UDP-GlcA. This is followed by 
elongation which involves alternate addition of the two sugars to 
the growing oligosaccharide chain* The growing polymer is extruded 
across the plasma membrane region of the cell and into the 
extracellular space. Although the HA biosynthetic system was one 
of the first membrane heteropolysaccharide synthetic pathways 
studied, the mechanism of HA synthesis is still not well 
understood. This may be because in vitro systems developed to date 
are inadequate in that de novo biosynthesis of HA has not been 
accomplished , 

The direction of HA polymer growth is still a matter of 
disagreement among those of ordinary skill in the art. Addition of 
the monosaccharides could be to the reducing or nonr educing end of 
the growing HA chain. Furthermore, questions remain concerning <i) 
whether nascent chains are linked covalently to a protein, to UDP 
or to a lipid intermediate , (ii) whether chains are initiated using 
a primer, and (iii) the mechanism by which the mature polymer is 
extruded through the plasma membrane of the Streptococcus. 
Understanding the mechanism of HA biosynthesis may allow 

3 



SUBSTITUTE SHEET (RULE 26) 



WO 99/23227 



PCT/US9S/23153 



development of alternative strategic to control Streptococcal and 
Pasturella infections by interf erii= in the process. 

HA has been identified in virtually every tissue in 
vertebrates and has achieved wide^sread use in various clinical 
applications , most notably and appr^riately as an intra -articular 
matrix supplement and in eye surge r. The scientific literature 
has also shown a transition from th^^riginal perception that HA is 
primarily a passive structural coianent in the matrix of a few 
connective tissues and in the c >sule of certain strains of 
bacteria to a recognition that th ; ubiquitous macromolecule is 
dynamically involved in many biolog— al processes: from modulating 
cell migration and differentiation during embryogenesis to 
regulation of extracellular matrix organisation and metabolism to 
important roles in the complex excesses of metastasis, wound 
healing, and inflammation. Furthe it is becoming clear that HA 
is highly metabolically active and hat cells focus much attention 
on the processes cf its synthesis a L catabolism. For example, the 
half -life of HA in tissues ranges f==>m l to 3 weeks in cartilage to 
<;i day in epidermis, 

It is now clear that a sing — i protein utilizes both sugar 
substrates to synthesize HA* Th— abbreviation HAS, for the HA 
synthase, has gained widespread su — >ort for designating this class 
of enzymes. Markovitz et al . successfully characterized the HAS 
activity from Streptococcus pyogenes and discovered the enzymes' s 
membrane localization and its retirements for sugar nucleotide 
precursors and Mg 2 ' . Prehm found hat elongating HA, made by 
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cells, was digested by hyaluronidase added to the medium and 
proposed that HAS resides at the plasma membrane, Philipson and 
Schwartz also showed that HAS activity cof ractionated with plasma 
membrane markers in mouse oligodendroglioma cells, 

HAS assembles high HA that is simultaneously extruded 
through the membrane into the extracellular space (or to make the 
cell capsule in the case of bacteria) as glycosaminoglycan 
synthesis proceeds. This mode of biosynthesis is unique among 
macromolecules since nucleic acids , proteins , and lipids are 
synthesized in the nucleus, endoplasmic reticulum/Golgi, cytoplasm, 
or mitochondria. The extrusion of the growing chain into the 
extracellular space also allows for unconstrained polymer growth, 
thereby achieving the exceptionally large size of HA, whereas 
confinement of synthesis within a Golgi or post-Golgi compartment 
could limit the overall amount or length of the polymers formed. 
High concentrations of HA within a confined lumen could also create 
a high viscosity environment that might be deleterious for other 
organelle functions . 

Several studies attempted to solubilize, identify, and purify 
HAS from strains of Streptococci that make a capsular coat of HA as 
well as f rom - eukaryotic cells. Although the streptococcal and 
murine oligodendroglioma enzymes were successfully detergent- 
solubilized and studied, efforts to purify an active HAS for 
further study or/ molecular cloning remained unsuccessful for 
decades . Prehm and Mausolf used periodate-oxidized TJDP-GlcA or 
UDP-GlcNAc to affinity label a protein of -^52 kDa in streptococcal 
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membranes that co -purified with HAS This led to a report claiming 
that the Group C streptococcal had been cloned, which was 

unfortunately erroneous. This tudy failed to demonstrate 
expression of an active synthase =d may have actually cloned a 

peptide transporter. Triscott and ran de Rijn used digit onin to 

solubilize HAS from streptococcal m ibranee in an active form. Van 
de Rijn and Drake selectively ra— olabeled three streptococcal 
membrane proteins of 42 , 33, and 2 kDa with 5-azido-UDP-GlcA and 
suggested that the 33-kDa proted — was HAS. h£ shown later, 
however, HAS actually turned out t=be the 42-kDa protein. 

Despite these efforts, pr rress in understanding the 
regulation and mechanisms of HA syrzzziesis was essentially stalled, 
since there were no molecular prob * for HAS mKNA or HAS protein. 
A major breakthrough occurred ±zm 1993 when DeAngelis et al • 
reported the molecular cloning and haracterization of the Group A 
streptococcal gene encoding the pr=ein Has A. This gene was known 
to be in part of an operon requiod for bacterial HA synthesis, 
although the function of this pror i n , which is now designated as 
spHAS (the S. pyogenes HAS) , was anown. spHAS was subsequently 
proven to be responsible for HJ^slongat ion and was the fir:st 
glycosaminoglycan synthase idem^fied and cloned and then 
successfully expressed. The S. pyogenes HA synthesis operon 
encodes two other proteins, HasB s a UDP-glucose dehydrogenase, 

which is required to convert UDP Lucose to UDP-GlcA,. one of the 

substrates for HA synthesis. HasC is a UDP-glucose 

pyrophosphorylase, which is requir L to convert glucose 1 -phosphate 
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and UTP to UDP-glucose. Co -trans feet ion of both has A and hasB 
genes into either acapsular Streptococcus strains or Entaroccus 
faecal is conferred them with the ability to synthesize HA and form 
a capsule. This provided the first strong evidence that HasA is an 
HA synthase. 

The elusive HA synthase gene was finally cloned by a 
transposon mutagenesis approach, in which an acapsular mutant Group 
A strain was created containing a transposon interruption of the HA 
synthesis operon. Known sequences of the transposon allowed the 
region of the junction with streptococcal DNA to be identified and 
then cloned frotr; wild-type cells. The encoded spHAS was 5-10% 
identical to a family of yeast chitin synthases and 30% identical 
to the Xenopus laevis protein DG42 (development ally expressed 
during gastrulation) , whose function was unknown at the time. 
DeAngelis and Weigel expressed the active recombinant spHAS in 
Escherichia coli and showed that this single purified gene product 
synthesizes high M E HA when incubated in vitro with UDP-GlcA and 
UDP-GlcNAc, thereby showing that both glycosyltransf erase 
activities required for HA synthesis are catalyzed by the same 
protein, as first proposed in 19S9 . This set the stage for the 
almost simultaneous identification of eukaryotic HAS cDNAs in 19 96 
by four laboratories revealing that HAS is a multigene family 
encoding distinct isozymes. Two genes {HAS! and HAS2) were quickly 
discovered in mammals (29-34) , and a third gene HAS3 was later 
discovered. A second streptococcal seHAS or Streptococcus 
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ecfulBlmllxs hyaluronate synthase, as now been found and. is the 
invention being claimed and disclo .& herein * 

As indicated, we have also id itified the authentic HAS gene 
from Group C Streptococcus equls±iiss.±s {seHAS) the seHAS protein 
has a high level of identity (ap— oximately 70 percent) to the 
spHAS enzyme. This identity, howe=*r, is interesting because the 
seHAS gene does not cross-hybridi^^ to the spHAS gene. 

Membranes prepared from E. cc=l expressing recombinant seHAS 
synthesize HA when both subs t rat ? are provided. The results 
confirm that the earlier report of .ansing et al . claiming to have 
cloned the Group C HAS was wrong. Jnf ortunately , several studies 

have employed antibody to this unch acterized 52-kDa streptococcal 

protein to investigate what was b<=i everi to be eukaryotic HAS* 

Itano and Kimata used expre^Lon cloning in a mutant mouse 

mammary carcinoma cell line, unabJ to synthesize HA, to clone the 

first putative mammalian HAS cDHA mHASl) . Subclones defective in 
HA synthesis fell into three separate classes that were 
complementary for HA synthesis in :>matic cell fusion experiments, 
suggesting that at least three pro — iins are required, Two of these 
classes maintained some HA synthe .c activity, whereas one showed 
none* The latter cell line was ised in transient transfection 
experiments with cDNA prepared fr= the parental cells to identify 
a single protein that restored 1= synthetic activity. Sequence 
analyses revealed a deduced prima f structure for a protein of -65 
kDa with a predicted membrane to >logy similar to that of spHAS, 
mmHASl is 30% identical to spHAS ind 55% identical to DG42, The 
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same month this report appeared, three other groups submitted 
papers describing cDNAs encoding what was initially thought to be 
the same mouse and human enzyme. However, through an extraordinary 
circumstance, each of the four laboratories had discovered a 
separate HAS isozyme in both species. 

Using a similar functional cloning approach to that of Itano 
and Kimata, Shy j an et al. identified the human homo log of HAS 1. 
A mesenteric lymph node cDNA library was used to transf ect murine 
mucosal T lymphocytes that were then screened for their ability to 
adhere in a rosette assay- Adhesion of one transf ectant was 
inhibited by antisera to CD44, a known cell surface HA-binding 
protein, and was abrogated directly by pretreatment with 
hyaluronidase . Thus, rosetting by this transf ectant required 
synthesis of HA. cloning and sequencing of the responsible cDNA 
identified hsHASl . Itano and Kimata also reported a human HAS1 
cDNA isolated from a fetal brain library. The hsHASl cDNAs 
reported by the two groups, however, differ in length; they encode 
a 576 or a 543 amino acid protein. HAS activity has only been 
demonstrated for the longer form. 

Based on the molecular identification of spHAS as an authentic 
HA synthase and regions of near identity among DG42, spHAS, and 
NodC (a /S-GlcNAc transferase nodulation factor in Rhiz&bium) , 
Spicer et al . used a degenerate RT-PCR approach to clone a mouse 
embryo cDNA encoding a second distinct enzyme, which is designated 
mmHAS2, Transf ection of mmHAS2 cDNA into COS cells directed de 
iiovo production of an HA cell coat detected by a particle exclusion 
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assay, thereby providing strong evd mce that the HAS2 protein can 

synthesize HA, Using a similar apzxoach, Watanabe and Yamaguchi 

screened a human fetal brain cDK library to identify hsHAS2 , 

Fulop et al- independently used ^similar strategy to identify 
mmHAS2 in RNA isolated from o^v — rian cumulus cells actively 
synthesizing HA, a critical proce, : for normal cumulus oophorus 
expansion in the pre-ovulatory r^Llicle . Cumulus cell-oocyte 
complexes were isolated from mice ^mediately after initiating an 
ovulatory cycle, before HA synthe s begins, and at later times 
when HA synthesis is just beginnii — (3 h) or already apparent {4 
h) - RT-PCR showed that HAS2 n — <JA was absent initially but 
expressed at high levels 3-4 h lat^ suggesting that transcription 
of HAS2 regulates HA synthesis in his process. Both hsHAS2 are 
552 amino acids in length and are=98% identical. mmHASl ±s 563 
amino acids long an 95% identical^Jio hsHASl, which is 578 amino 
acids long. 

Most recently Spicer et al «. u_ id a PGR approach to identify a 
third HAS gene in mammals. The mi — AS3 protein is 554 amino acids 
long and 71, 56, and 28% ident ral , respectively, to rnmHASi, 
mrnHAS2, DG42, and spHAS , Spicer t al . have also localized the 
three human and mouse genes to fchre= different chromosomes (HAS1 to 

hsChr 19/mmChr 17; HAS2 to hsChr 6 mChr 15; EAS3 to hsChr 16/mmChr 

a) . Localization of the three HA genes on different chromosomes 

and the appearance of HA through<=t the vertebrate class suggest 
that this gene family is anciem=and that isozymes appeared by 
duplication early in the evolutnn of vertebrates. The high 
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identity (-30V) between the bacterial and eukaryotic HASs also 
suggests that the two had a common ancestral gene. Perhaps 
primitive bacteria usurped the HAS gene from an early vertebrate 
ancestor before the eukaryotic gene products became larger and more 
complex. Alternatively, the bacteria could have obtained a larger 
vertebrate HAS gene and deleted regulatory sequences none s sent ial 
for enzyme activity. 

The discovery of X, laevis DG42 by Dawid and co-workers played 
a significant role in these recent developments, even though this 
protein was not known to be an HA synthase. Nonetheless, that DG42 
and spHAS were 3 0% identical was critical for designing 
oligonucleotides that allowed identification of mammalian HAS2 . 
ironically, definitive evidence that DG4 2 is a bona fide HA 
synthase was reported only after the discoveries of the Mammalian 
isozymes, when DeAngelis and Achyuthan expressed the recombinant 
protein in yeast (an organism that cannot synthesize HA) and showed 
that it synthesizes HA when isolated membranes are provided with 
the two substrates. Meyer and Kreil also showed that lysates from 
cells transfected with cDNA for DG42 synthesize elevated levels of 
HA. Now that its function is known, DG42 can, therefore, be 
designated X1KAS, 

There are common predicted structural features shared by all 
the HAS proteins, including a large central domain and clusters of 
2-3 transmembrane or membrane -associated domains at both the amino 
and carboxyl ends of the protein- The central domain, which 
comprises up to -88% of the predicted intracellular HAS protein 
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sequences , probably contains the c=alytic regions of the enzyme. 
This predicted central domain is amino acids long in spHAS {63V 
of the total protein) and 3 07-228 isidues long in the eukaryotic 
HAS members (54*56% of the total ■otein) . The exact number and 
orientation of membrane domains anc=he topological organization of 
extracellular and intracellular — loops have not yet been 
experimentally determined for any kS. 

cpHAS is a HAS family raemb * that has been purified and 
partially characterized* Initia studies using spHAS/ alkaline 
phosphatase fusion proteins ind^jate that the N terminus, C 
terminus, and the large central omain of spHAS are, in fact, 
inside the cell- spHAS has 6 cy^ines, whereas HAS1, HAS2, and 
HAS3 have 13, 14 and 14 Cys resides , respectively. Two of the 6 
Cys residues in spHAS are conserve — and identical in HAS1 and KAS2 . 
Only one conserved Cys residue is :und at the same position (Cys- 
225 in spHAS) in all the HAS f=ily members. This may be an 
essential Cys whose modification y sulfhydryl poisons partially 
inhibits enzyme activity. The pos .ble presence of disulfide bonds 
or the identification of critica~Cys residues needed for any of 
the multiple HAS functions noted Slow has not yet been elucidated 
for any members of the HAS family — 

In addition to the proposed mique mode of synthesis at the 
plasma membrane, the HAS enzyme amily is highly unusual in the 
large number of functions requires for the overall polymerization 
of KA, At least six discrete actmties are present within the HAS 
enzyme: binding sites for em of the two different sugar 
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nucleotide precursors (UDP-GlcNAc and UDP-GlcA) , two different, 
glycosyl trans f erase activities, one or more binding sites that 
anchor the growing HA polymer to the enzyme (perhaps related to a 
B-X 7 -B motif} , and a ratchet-like transfer reaction that moves the 
growing polymer one sugar at a time. This later activity is likely 
coincident with the stepwise advance of the polymer through the 
membrane. All of these functions, and perhaps others as yet 
unknown, are present in a relatively small protein ranging in size 
from 419 (spHAS) to 588 (xHAS) amino acids. 

Although all the available evidence supports the conclusion 
that only the spHAS protein is required for HA biosynthesis in 
bacteria or in vitro r it is possible that the larger eukaryotic HAS 
family members are part of multi component complexes, Since the 
eukaryotic HAS proteins are -40% larger than spHAS, their 
additional protein domains could be involved in more elaborate 
functions such as intracellular trafficking and localization, 
regulation of enzyme activity, and mediating interactions with 
other cellular components . 

The unexpected finding that there are multiple vertebrate HAS 
genes encoding different synthases strongly supports the emerging 
consensus that HA is an important regulator of cell behavior and 
not simply a structural component in tissues. Thus, in less than 
six months, the field moved from one known, cloned HAS (spHAS) to 
recognition of a multigene family that promises rapid, numerous , 
and exciting future advances in our understanding of the synthesis 
and biology of HA. 
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For example, disclosed, herei ifter aire the sequences of the 
two HAS genes: from Pasturella lultoclda; and (2) Paramecium 
bursstrlst chlorella virus (PBCV-1 The presence of hyaluronan 

synthase in these two systems and he purification and use of the 
hyaluronan synthase from these tw=dif f erent systems indicates an 
ability to purify and isolate j=^leic acid sequences encoding 
ensymatically active hyaluronate* synthase in many different 
prokaryotic and viral sources - 

Group C streptococcus equ±&ii=lj.s strain D181 synthesizes and 
secretes hyaluronic acid (HA) . In — stigators have used this strain 
and Group A Streptococcus pyogene :rains, such as S43 and Alll, to 
study the biosynthesis of HA ind to characterize the HA- 
synthesizing activity in terms of :s divalent cation requirement, 
precursor (UDP-ClcNAc and UDP-Glc utilization, and optimum pH. 

Traditionally, HA has been pi- pared commercially by isolation 
from either rooster combs or extra llular media from Streptococcal 
cultures- One method which has b^n developed for preparing HA is 
through the use of cultures of HA-^oducing Streptococcal bacteria. 
U.S. Patent No, 4,517,295 descriMs such a procedure wherein HA- 
producing Streptococci are fermen id under anaerobic conditions in 
a C0 2 -enriched growth medium. Inder these conditions, HA is 
produced and can be extracted frorrrthe broth. It is generally felt 
that isolation of HA from rooster smbs is laborious and difficult, 
since one starts with HA in a le^ pure state. The "advantage of 
isolation from rooster combs is Har the KA produced is of higher 
molecular weight. However, preparation of HA by bacterial 
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fermentation is easier, since the HA is of higher purity to start 
with. Usually, however, the molecular weight of HA produced in 
this way is smaller than that from rooster combs. Therefore, a 
technique that would allow the production of high molecular weight 
HA by bacterial fermentation would be an improvement over existing 
procedures * 

High molecular weight HA has a wide variety of useful 
applications ranging from cosmetics to eye surgery* Due to its 
potential for high viscosity and its high biocompatibility , HA 
finds particular application in eye surgery as a replacement for 
vitreous fluid. HA has also been used to treat racehorses for 
traumatic arthritis by intraarticular injections of HA, in shaving 
cream as a lubricant, and in a variety of cosmetic products due to 
its physiochemical properties of high viscosity and its ability to 
retain moisture for long periods of time. In fact, in August of 
19 97 the U.S. Food and Drug Agency approved the use of high 
molecular weight HA in the treatment of severe arthritis through 
the injection of such high molecular weight HA directly into the 
affected joints* In general, the higher molecular weight HA that 
is employed the better. This is because HA solution viscosity 
increases with the average molecular weight of the individual HA 
polymer molecules in the solution. Unfortunately, very high 
molecular weight HA, such as that ranging up to 10 7 , has been 
difficult to obtain by currently available isolation procedures. 

To address these or other difficulties, there is a need for 
new methods and constructs that can be used to produce HA having 
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one or more improved properties £«i as greater purity or ease of 
preparation. In particular, there 5 a need to develop methodology 
for the production of larger amour=3 of relatively high molecular 
weight and relatively pure HA t=an is currently commercially 
available- There is yet anothe — need to be able to develop 
methodology for the production HA having a modified size 

distribution (H^,^) as well as L having a modified structure 

The present invention addres >.b one or more shortcomings in 
the art. Using recombinant DMA te<=iology, a purified nucleic acid 
segment having a coding region enc Ling enzymat ically active seHAS 
is disclosed and claimed in conjunction, with methods to produce an 
enzymatically active HA synthase, 3 well as methods for using the 
nucleic acid segment in the prepar — .ion of recombinant cells which 
produce HAS and its hyaluronic ac — product* 

Thus, it is an object of th^resent invention to provide a 
purified nucleic acid segment h ing a coding region encoding 
en zymat ically active HAS. 

It is a further object of tb present invention to provide a 

recombinant vector which includes 1 purified nucleic acid segment 
having a coding region encoding «ymat ically active HAS, 

It is still a further object, of the present invention to 
provide a recombinant host cell transformed with a recombinant 
vector which includes a purifier nucleic acid segment having a 
coding region encoding enzymat ic^=ly active HAS. 
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It is yet another object of the present invention to provide 
a method tor detecting a bacterial cell that expresses HAS. 

It is another object of the present invention to provide a 
method for producing high and/or low molecular weight hyaluronic 
acid from a hyaluronate synthase gene, such as seHAS, as well as 
methods for producing HA having a modified size distribution and/or 
a modified structure. 

These and other objects of the present invention will become 
apparent i_n light of the attached specification, claims, and 
drawings . 

BRIEF SUMMARY OF THE INVENTION 
The present invention involves the application o£ recombinant 
DNA technology to solving one or more problems in the art of 
hyaluronic acid (HA) preparation. These problems are addressed 
through the isolation and use of a nucleic acid segment having a 
coding region encoding the enzymatically active Streptococcus 
equislmills (seHAS} hyaluronate synthase gene, a gene responsible 
for HA chain biosynthesis . The seHAS gene was cloned from DNA of 
an appropriate microbial source and engineered into useful 
recombinant constructs for the preparation of HA and far the 
preparation of large quantities of the HAS enzyme itself. 

The present invention encompasses a novel gene r seHAS. The 
expression of this gene correlates with virulence of Streptococcal 
Group A and Group C strains, by providing a means of escaping 
phagocytosis and immune surveillance. The terms "hyaluronic acid 
synthase 11 , "hyaluronate synthase", " hyaluronan synthase 11 and TI HA 
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synthase n , are used interchangeah^-r to describe an enzyme that 
polymerizes a glycosaminoglycan pczysaccharide chain composed of 
alternating glucuronic acid and :etylglucosamine sugars, f3 1,3 
and £ 1,4 linked- The term "se^S" describes the HAS enzyme 
derived from Streptococcus eguisiu^is. 

The present invention acerns the isolation and 
characterisation of a hyaluronate o= hyaluronic acid synthase gene, 

cDKA, and gene product (HAS) , as ma be used for the polymerization 

of glucuronic acid and N — cetylglucosamine into the 
g lycos aminoglycan hyaluronic ac i. The present invention 

identifies the seHAS locus and dis— ases the nucleic acid sequence 
which encodes for the enzymati .lly active seHAS gene from 

Streptococcus eqaxsimilis . The HA gene also provides a new probe 

to assess the potential of b^=terial specimens to produce 
hyaluronic acid. 

Through the application of te=iniqucs and knowledge set forth 

herein, those of skill in the art *ill be able to obtain nucleic 

acid segments encoding the seHAS me . As those of skill in the 
art will recognize, in light of the present disclosure, these 

advantages provide significant uti Lty in being able to control the 

expression of the seHAS gene and Dntrol the nature of the seHAS 
gene product, the seHAS enzyme, t it is produced. 

Accordingly, the invention i directed to the isolation of a 

purified nucleic acid segment whzi±i has a coding region encoding 
enzymat ically active HAS, whett — r it be from prokaryotic or 
eukaryotic sources. This is pcrr-sible because the enzyme, and 
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indeed the gene, is one found In both eukaryotes and some 
prokaryotes . Eukaryotes are also known to produce HA and thus have 
HA synthase genes that can be employed in connection with the 
invention. 

HA synthase -encoding nucleic acid segments of the present 
invention are defined as being isolated free of total chromosomal 
or genomic DNA such that they may be readily manipulated by 
recombinant DNA techniques. Accordingly, as used herein r the 
phrase "a purified nucleic acid segment" refers to a DNA segment 
isolated free of unrelated chromosomal or genomic DNA and retained 
in a state rendering it useful for the practice of recombinant 
techniques, such as DNA in the form of a discrete isolated DNA 
fragment, or a vector (e,g. , plasmid, phage or virus) incorporating 
such a fragment . 

A preferred embodiment of the present invention is a purified 
nucleic acid segment having a coding region encoding enzymatically 
active HAS. In particular, the purified nucleic acid segment 
encodes the seHAS of SEQ ID NO: 2 or the purified nucleic acid 
segment comprises a nucleotide sequence in accordance with SEQ ID 
NO: l - 

Another embodiment of the present invention comprises a 
purified nucleic acid segment having a coding region encoding 
enzymatically active HAS and the purified nucleic acid segment is 
capable of hybridising to the nucleotide sequence of SEQ ID NO:l. 

The present invention also comprises a natural or recombinant 
vector consisting of a plasmid, cosmid, phage, or virus vector. 

19 



SUBSTITUTE SHEET (RULE 26) 



WO 99/23227 



PCT/US9S/2M53 



The recombinant vector may also co«rise a purified nucleic acid 
segment having a coding region enccdng enzymatically active HAS. 

In particular, the purified nuclei c acid segment encodes the 
seHAS of SEQ ID NO: 2 or the purif ie<»ucleic acid segment comprises 
a nucleotide sequence in accordan s with SEQ ID NO:i ( If the 
recombinant vector is a plasmid, it may further comprise an 
expression vector. The expressi= vector may also include a 
promoter operatively linked to the ■ tzymatically active HAS coding 
region . 

In another preferred embod=ent, the present invention 
comprises a recombinant host eel such as a prokaryotic cell 
transformed with a recombinant ve=:or. The recombinant vector 
includes a purified nucleic acid rgment having a coding region 
encoding enzymatically active HAS — In particular , the purified 
nucleic acid segment encodes the >eHAS of SEQ ID NO: 2 or the 
purified nucleic acid segment coiro; — f see a nucleotide sequence in 
accordance with SEQ ID NO:l. 

The present invention also cot; — (rises a recombinant host cell, 
such as an eukaryotic cell transf^ted with a recombinant vector 
comprising a purified nucleic acid — segment having a coding region 
encoding enzymatically active HAS In particular, the purified 
nucleic acid segment encodes the seHAS of SEQ ID NO: 2 or the 
purified nucleic acid segment comprises a nucleotide sequence in 
accordance with SEQ ID NO : 1 . The concept is to create a 
specifically modified seHAS gene ;hat encodes an enzymatically 
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active HAS capable of producing a hyaluronic acid polymer having a 
modified structure or a modified size distribution. 

The present invention further comprises a recombinant host 
cell which is electroporated to introduce a recombinant vector into 
the recombinant host cell- The recombinant vector may include a 
purified nucleic acid segment having a coding region encoding 
enzymatically active HAS. In particular, the purified nucleic acid 
segment encodes the seHAS of SEQ ID NO: 2 or the purified nucleic 
acid segment comprises a nucleotide sequence in accordance with SEQ 
ID NOil. The enzymatically active HAS may also be capable of 
producing a hyaluronic acid polymer having a modified structure or 
a modified size distribution. 

In yet another preferred embodiment, the present invention 
comprises a recombinant host cell which is transduced with a 
recombinant vector which includes a purified nucleic acid segment 
having a coding region encoding enzymatically active HAS * In 
particular, the purified nucleic acid segment encodes the seHAS of 
SEQ ID NO: 2 or the purified nucleic acid segment comprises a 
nucleotide sequence in accordance with SEQ ID NO:l. The 
enzymatically active HAS is also capable of producing a hyaluronic 
acid polymer having a modified structure or a modified size 
distribution* 

The present invention also comprises a purified composition, 
wherein the purified composition comprises a polypeptide having a 
coding region encoding enzymatically active HAS and further having 
an amino acid sequence in accordance with SEQ ID NO:2. 
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In another embodiment., the ii — antion comprises a method for 
detecting a DNA species, comprisin the steps of: <1) obtaining a 

DNA sample; (2) contacting the DNA iample with a purified nucleic 

acid segment in accordance with ID N0:1; (3) hybridizing the 

DNA sample and the purified nucleic^cid segment thereby forming a 
hybridized complex; and (4) detect — lg the complex. 

The present invention also coKrises a method for detecting a 
bacterial cell that expresses mRNJi=mcoding seHAS, comprising the 
steps of: (1) obtaining a bacteria~cell sample; (2) contacting at 
least one nucleic acid from the bac^rial cell eample with purified 
nucleic acid segment in accorSice with SEQ ID NO : 1 ; (31) 
hybridizing the at least one nucle ; acid and the purified nucleic 
acid segment thereby forming a hybridized complex; and (4) 
detecting the hybridized complex^: wherein the presence of the 
hybridized complex is indicativ of a bacterial strain that 
expresses mRNA encoding seHAS, 

The present invention also co=rises methods for detecting the 
presence of either seHAS or spHAF^H n a cell. In particular, the 
method comprises using the oligonucleotides set forth in Seq. ID 
Nos, : 3-8 as probes- These ol jonucleotides would a allow a 
practitioner to search and detect le presence of seHAS or spHAS in 
a cell. 

The present invention f urthei — :omprises a method for producing 
hyaluronic acid, comprising th^ steps of: (1) introducing a 
purified nucleic acid segment It — zing a coding region encoding 
enzymatically active HAS into a ost organism, wherein the host 

2 



SUBSTITUTE SKET (RULE 26) 



WO 99723227 



PCT/US98/23153 



organism contains nucleic acid segments encoding enzymes which 
produce UDP^GlcNAc and UDP-GlcA? (2) growing the host organism in 
a medium to secrete hyaluronic acid; and (3) recovering the 
secreted hyaluronic acid* 

The method may also include the step of extracting the 
secreted hyaluronic acid from the medium as well as the step of 
purifying the extracted hyaluronic acid. Furthermore, the host 
organism may secrete a structurally modified hyaluronic acid or a 
size modified hyaluronic acid. 

The present invention further comprises a pharmaceutical 
composition comprising a preselected pharmaceutical drug and an 
effective amount of hyaluronic acid produced by a recombinant HAS. 
The pharmaceutical composition may have a hyaluronic acid having a 
modified molecular weight pharmaceutical composition capable of 
evading an immune response. The modified molecular weight may also 
produce a pharmaceutical composition capable of targeting a 
specific tissue or cell type within the patient, having an affinity 
for the modified molecular weight pharmaceutical composition. 

The present invention also comprises a purified and isolated 
nucleic acid sequence encoding enzymat ically active seHAS, where 
the nucleic acid sequence ia (a) the nucleic acid sequence in 
accordance with SEQ ID NO:l; (b) complementary nucleic acid 
sequences to the nucleic acid sequence in accordance with SEQ ID 
N0:1; (c) nucleic acid sequences which will hybridize to the 
nucleic acid in accordance with SEQ ID NO:l; and (d) nucleic acid 
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sequences which will hybridize to le complementary nucleic acid 
sequences of SEQ ID NO:l, 

The present invention furti*** comprises a purified and 
isolated nucleic acid segment cons=ting essentially of a nucleic 
acid segment encoding enzymatical Inactive HAS. 

The present invention also con — rises an isolated nucleic acid 
segment consisting essentially of =nucleic acid segment encoding 
seHAS having a nucleic acid segment efficiently duplicative of the 
nucleic acid segment in accordai — e of SEQ ID N0:1 to allow 
possession of the biological y — pperty of encoding for an 
enzymatically active HAS. The nuc sic acid segment may also be a 
cDNA sequence . 

The present invention also co arises a purified nucleic acid 
segment having a coding region enc ling enzymatically active HAS , 
wherein the purified nucleic acid s iment is capable of hybridising 
to the nucleotide sequence in acco=lance with SEQ ID N0:1. 

BRIEF DESCRIPTION OF THE EEVMAL VIEWS OF THE DRAWINGS 

FIG. 1 depicts that cross h^sridizat ion between seHAS and 
spHAS genes does not occur. 

FIG. 2 figuratively depicts — e relatedness of seHAS to the 
bacterial and eukaryotic HAS protasis. 

FTG « 3 figuratively depicts evolutionary relationships among 
some of the known hyaluronan syntfcses. 

FIG. 4 depicts the HA size contribution produced by various 
engineered Streptococcal HAS enzyc=s . 
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FIG. 5 figuratively depicts the overexpression of recombinant 
seHAS and spHAS in B, coll. 

FIG. 6 depicts purification of Streptococcal HA synthase. 
FIG . 7 depicts a gel filtration analysis of HA synthesized by 
recombinant streptococcal HAS expressed in yeast membranes. 

FIG. 8 is a Western blot analysis of recombinant seHAS using 
specific antibodies. 

FIG. 9 is a kinetic analysis of the HA size distributions 
produced by recombinant seHAS and spHAS . 

FIG. 10 graphically depicts the hydropathy plots for seHAS and 
predicted membrane associated regions . 

FIG* 11 is a graphical model for the topo logic organization of 
seHAS in the membrane, 

FIG . 12 is a demonstration of the synthesis of authentic IiA by 
the recombinant seHAS. 

FIG . 13 depicts the recognition of nucleic acid sequences 
encoding seHAS , encoding spHAS, or encoding both seHAS and spHAS 
using specific oligonucleotides and PCR, 

FIG. 14 depicts oligonucleotides used for specific PGR 
hybridization « 

DETAILED DESCRIPTION OF THE INVENTION 
Before explaining at least one embodiment of the invention in 
detail, it is to be understood that the invention is not limited in 
its application to the details of construction and the arrangement 
of the components set forth in the following description or 
illustrated in the drawings. The invention is capable of other 
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embodiments or of being practiced r carried out in various ways. 
Also, it is to be understood that tie phraseology and terminology 
employed herein is for purpose o ^description and should not be 
regarded as limiting. 

As used herein, the term "Mcleic acid segment" and 1r DNA 
segment" are used inter chaogeably sd refer to a DNA molecule which 
has been isolated free of to ta~ genomic DNA of a particular 
species. Therefore, a "'purified* 1 )NA or nucleic acid segment as 
used herein, refers to a DNA segm^t which contains a Hyaluronate 
Synthase ( ,f HAS n ) coding sequence 'et is isolated away from, or 
purified free from, unrelated gnomic DNA, £or example, total 
streptococcus equlsimllls or, for xample, mammalian host genomic 
DNA. Included within the term "DlSsegment" , are DNA segments and 

smaller fragments of such segment: and also recombinant vectors, 

including, for example, plasmids, :>smids, phage, viruses, and the 
like . 

Similarly, a DNA segment con«rising an isolated or purified 

seHAS gene refers to a DNA segmeti including HAS coding sequences 

isolated substantially away from c— ner naturally occurring genes or 
protein encoding sequences. In »is respect, the term "gene" is 

used for simplicity to refer to a functional protein, polypeptide 

or peptide encoding unit - As wiZl be understood by those in the 
art, this functional term inc=ides genomic sequences, cDNA 
sequences or combinations thereo "isolated substantially away 
from other coding sequences" mea^ that the gene of interest, in 
this case seHAS , forms the signif=ant part of the coding region of 
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the DNA segment, and that the DNA segment does not contain large 
portions of naturally- occurring coding DNA, such as large 
chromosomal fragments or other functional genes or DNA coding 
regions. Of course* this refers to the DNA segment as originally 
isolated, and does not exclude genes or coding regions later added 
to, or intentionally left in the segment by the hand of man. 

Due to certain advantages associated with the use of 
prokaryotic sources, one will likely realize the most advantages 
upon isolation of the HAS gene from prokaryotes such as s. 
pyogenes, S. ecjuisimilxs, or P. multocida. One such advantage is 
that, typically, eukaryotic enzymes may require significant post- 
translational modifications that can only be achieved in a 
eukaryotic host > This will tend to limit the applicability of any 
eukaryotic HA synthase gene that is obtained. Moreover, those of 
ordinary skill in the art will likely realize additional advantages 
in terms of time and ease of genetic manipulation where a 
prokaryotic enzyme gene is sought to be employed. These additional 
advantages include (a) the ease of isolation of a prokaryotic gene 
because of the relatively small size of the genome and, therefore, 
the reduced amount of screening of the corresponding genomic 
library and (b) the ease of manipulation because the overall size 
of the coding region of a prokaryotic gene is significantly smaller 
due to the absence of introns . Furthermore, if the product of the 
seHAS gene {i.e., the enzyme) requires post translat lonal 
modifications, these would best be achieved in a similar 
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prokaryotic cellular environment ost) from which the gene was 
derived * 

Preferably, DNA sequences inn accordance with the present 
invention will further include gen<==S c control regions which allow 
the expression of the sequence in ^^elected recombinant host . Of 
course, the nature of the control egion employed will generally 
vary depending on the particul * use (e.g., cloning host) 
envisioned. 

In particular embodiments, the=nvention concerns isolated DNA 
segments and recombinant vectors incorporating DNA sequences which 
encode a seHAS gene, that include ^=fi thin its amino acid sequence 
an amino acid sequence in accordai= with SEQ ID NO: 2, Moreover, 
in other particular embodiments, — e invention concerns isolated 
DNA segments and recombinant vect *s incorporating DNA sequences 
which encode a gene that includes fithin its amino acid sequence 
the amino acid sequence of an HAS ae or DNA, and in particular to 
an HAS gene or cDNA, correspondi= to Streptococcus equlslinllls 
HAS. For example, where the DNA sgment or vector encodes a full 
length HAS protein, or is intende= f or use in expressing the HAS 

protein, preferred sequences are t: jse which are essentially as set 

forth in SEQ ID NO: 2, 

Nucleic acid segments havir — HA synthase activity may be 
isolated by the methods describes herein. The term "a sequence 
essentially as set forth in SEQ ~ NO: 2" means that the sequence 
substantially corresponds to a jgrtion of SEQ ID NO : 2 and has 
relatively few amino acids whi<= are not identical to, of a 
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biologically functional equivalent of, the amino acids of SEQ ID 
NO; 2, The terra "biologically functional equivalent" is well 
understood in the art and is further defined in detail herein, as 
a gene having a sequence essentially as set forth in SEQ ID NQ:2, 
and that is associated with the ability of prokaryotes to produce 
HA or a hyaluronic acid coat. 

For instance, the seHAS and spHAS coding sequences are 
approximately 70% identical and rich in the bases adenine (A) and 
thymine (T) . SeHAS base content is A~26*71£, CS19.13% # G-2G.8l% f 
and T-33.33% <A/T = €0%), Whereas spHAS is A-31,34%, C-16.42%, O- 
16.34%, and T-35.8% (A/T = 67%). Those of ordinary skill in the 
art would be surprised that the seHAS coding sequence does not 
hybridize with the spHAS gene and vice versa , despite their being 
70% identical. This unexpected inability to cross -hybridize could 
be due to short interruptions of mismatched bases throughout the 
open reading frames. The inability of spHAS and seHAS to cross- 
hybridize is shown in FIG . 1. The longest stretch of identical 
nucleotides common to both the seHAS and the spHAS coding sequences 
is only 20 nucleotides. In addition, the very A-T rich sequences 
will form less stable hybridization complexes than G-c rich 
sequences. Another possible explanation could be that there are 
several stretches of As or Ts in both sequences that could 
hybridize in a misaligned and unstable manner. This would put the 
seHAS and spHAS gene sequences out of frame with respect to each 
other, thereby decreasing the probability of productive 
hybridization, 

29 



SUBSTITUTE SHEET (RULE 26) 



WO 99/23227 



PCT/US9S/23I53 



Because of thie unique ph_iomena of two genes encoding 
proteins which are 70% identic^ not being capable of crass - 
hybridizing to one another, it s beneficial to think of the 
claimed nucleic acid segment in ;erms of its function? i.e. a 
nucleic acid segment which encodes nzymatically active hyaluronate 
synthase , One of ordinary skill i the art would appreciate that 
a nucleic acid segment encoding izymatically active hyaluronate 
synthase may contain conserved oaemi - conserved substitutions to 
the sequences set forth in SEQ HZ NOS : 1 and 2 and yet still be 
within the scope of the inventioizzr 

In particular, the art s replete with examples of 
practitioners ability to make stx — :tural changes to a nucleic acid 
segment (i.e. encoding conserve or semi -conserved amino acid 
substitutions) and still preset its enzymatic or functional 
activity. See for example: ) Risler et al. ^Ainino Acid 
Substitutions in Structurally Related Proteins. A Pattern 

Recognition Approach," J, Mol . ,ol . 2 04:1019-1029 (1988) [" 

according to the observed exchangeability of amino acid side 
chains r only four groups could be elineated; ti) lie and Val (ii) 
Leu and Met, <iii) Lys, Arg, and In, and (iv) Tyr and Phc."] ; (2) 
ftiefind et al . xx Amino Acid Sim arity Coefficients for Protein 
Modeling and Sequence Alignment Derived from Ma in -Chain Folding 

Anoles." J. Mol, Biol. 219:481 7 (1991) [similarity parameters 

allow amino acid substitutions t™be designed] ; and (3) Overington 
et al. "Environment -Specific mino Acid Substitution Tables: 
Tertiary Templates and Prediction of Protein Folds," Protein 
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Science 1:216-226 {1992} t "Analysis of the pattern of observed 
substitutions as a function of local environment shows that there 
are diotinct patterns , * . " Compatible changes can be made . ] 

These references and countless others, indicate that one of 
ordinary skill in the art, given a nucleic acid sequence, could 
make substitutions and changes to the nucleic acid sequence without 
changing its functionality « Also, a substituted nucleic acid 
segment may be highly identical and retain its enzymatic activity 
with regard to its unadulterated parent, and yet still fail to 
hybridize thereto, 

The invention discloses nucleic acid segments encoding 
enzymatically active hyaluronate synthase - seHAS and spHAS . 
Although seHAS and spHAS are 70% identical and both encode 
enzymatically active hyaluronate synthase, they do not cross 
hybridise. Thus, one of ordinary skill in the art would appreciate 
that substitutions can be made to the seHAS nucleic acid segment 
listed in SEQ ID NO: 1 without deviating outside the scope and 
claims of the present invention. Standardized and accepted 
functionally equivalent amino acid substitutions are presented in 
Table I. 
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TABLE 



ftmino Acid Giro up 


Conservative and Semi - 
Duservative Substitutions 


NonPolar R Groups 


Ala— ne, Valine, Leucine, 

Iso ucine, Proline, Methionine, 

Phe^lalanine , Tryptophan 


Polar , but uncharged, R 
Groups 


Gly ne, Serine, Threonine, 

Cys :ine , Asparagine , Glutamine 


Negatively Charged R Groups 


Asp tic Acid, Glutamic Acid 


Positively Charged R Groups 


Lys te, Arginine, Histidine 



Another preferred embodiment if the present invention is a 
purified nucleic acid segment that ncodes a protein in accordance 
with SEQ ID NO: 2, further defined a — ia recombinant vector. As used 
herein, the term 11 recombinant vectr" refers to a vector that has 
been modified to contain a nucleic :id segment that encodes an HAS 
protein, or fragment thereof. *e recombinant vector may be 

further defined as an expression — vector comprising a promoter 
operatively linked to said HAS enc^ing nucleic acid segment. 

A further preferred embodimei— of the present invention is a 
host cell, made recombinant with a *combinant vector comprising an 
HAS gene. The preferred recombina» host cell may be a prokaryotic 

cell. In another embodiment r t 3 recombinant host cell is a 

eukaryotic cell. As used her^m, the term 11 engineered" or 
" recombinant " cell is intended t— refer to a cell into which a 
recombinant gene, such as a gene eroding HAS , has been introduced. 
Therefore, engineered cells are Listinguishable from naturally 
occurring cells which do not corzzain a recombinant ly introduced 
gene. Engineered cells are thu cells having a gene or genes 
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introduced through the hand of man* Recombinant ly introduced genes - 
will either be in the form of a CDNA gene, a copy of a genomic 
gene, or will include genes positioned adjacent to a promoter not 
naturally associated with the particular introduced gene. 

Where one desires to use a host other than Streptococcus, as 
may be used to produce recombinant HA synthase, it may be 
advantageous to employ a prokaryotic system such as E. coli, B . 
eubtills, Lactococcus sp., or even eukaryotic systems such as yeast 
or Chinese hamster ovary, African green monkey kidney cells, VERO 
cells, or the like. Of course, where this is undertaken it will 
generally be desirable to bring the KA synthase gene under the 
control of sequences which are functional in the selected 
alternative host* The appropriate DNA control sequences, as well 
as their construction and use, are generally well known in the art 
as discussed in more detail hereinbelow. 

In preferred embodiments, the HA synthase -encoding DNA 
segments further include DNA sequences, known in the art 
functionally as origins of replication or "replicons 11 , which allow 
replication of contiguous sequences by the particular host. Such 
origins allow the preparation of ext r ach romosoma 1 ly localized and 
replicating chimeric segments or plasmids, to which HA synthase DNA 
sequences are ligated. In more preferred instances, the employed 
origin is one capable of replication in bacterial hosts suitable 
tor biotechnology applications. However, for more versatility of 
cloned DNA segments, it may be desirable to alternatively or even 
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additionally employ origins recogni — id by other host systems whose 
use is contemplated (such as in a cuttle vector) . 

The isolation and use of other eplication origins such as the 
SV40, polyoma or bovine papillomavirus origins, which may be 
employed for cloning or expression = a number of higher organisms, 
are well known to those of ordinar— skill in the art* In certain 
embodiments,, the invention may tMs be defined in terms of a 
recombinant transformation vector lich includes the HA synthase 

coding gene sequence together wi i an appropriate replication 

origin and under the control of se icted control regions . 

Thus, it will be appreciated b— those of skill in the art that 
other means may be used to obtain t s HAS gene or cDNA, in light of 
the present disclosure. For exampM, polymerase chain reaction or 
RT-PCR produced DNA fragments may e obtained which contain full 
complements of genes or cDWAs from* number of sources , including 
other strains of Streptococcus or Mom eukaryotic sources, such as 
cDNA libraries. Virtually any moZcular cloning approach may be 
employed for the generation of DNA "agments in accordance with the 
present invention. Thus, the on r limitation generally on the 
particular method employed for DNJ=isolation is that the isolated 
nucleic acids should encode a biolc=ically functional equivalent HA 
synthase . 

Once the DNA has been isolate it is ligated together with a 
selected vector. Virtually any caning vector can be employed to 
realize advantages in accordaticewith the invention. Typical 
useful vectors include plasmids a— phages for use in prokaryotic 
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organisms and even viral vectors for use in eukaryotic organisms. 
Exaniples include pKK223-3, pSA3, recombinant lambda, SV40, polyoma, 
adenovirus, bovine papilloma virus and retroviruses* However, it 
is believed that particular advantages will ultimately be realized 
where vectors capable of replication in both LactococcuB or 
Bacillus strains and coll are employed. 

Vectors such as these, exemplified by the pSA3 vector of Dao 
and Ferretti or the pAT19 vector of Trieu-Cuot, et al *, allow one 
to perform clonal colony selection in an easily manipulated host 
such as £. coll, followed by subsequent transfer back into a food 
grade Lac to coccus or Bacillus strain for production of HA- These 
are benign and well studied organisms used in the production of 
certain foods and biotechnology products . These are advantageous 
in that one can augment the Lactococcua or Bacillus strain' s 
ability to synthesize HA through gene dosaging (i.e., providing 
extra copies Of the HA synthase gene by amplification) and/or 
inclusion of additional genes to increase the availability of HA 
precursors. The inherent ability of a bacterium to synthesize HA 
can also be augmented through the formation of extra copies, or 
amplification, of the plasmid that carries the HA synthase gene. 
This amplification can account for up to a 10- fold increase in 
plasmid copy number and, therefore, the HA synthase gene copy 
number. 

Another procedure that would further augment KA synthase gene 
copy number Is the insertion of multiple copies of the gene into 
the plasmid. Another technique would include integrating the HAS 
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gene into chromosomal DNA. This extra amplification would be 
especially feasible, since the bac=srial HA synthase gene size is 
small- In some scenarios, the ch — liposomal DNA-ligated vector is 
employed to transfect the host :hat is selected for clonal 
screening purposes such as co^Z through the use of a vector 
that is capable of expressing the iserted DNA in the chosen host. 

Where a eukaryotic source such as dermal or synovial 
fibroblasts or rooster comb cells s eiqployed, one will desire to 
proceed initially by preparing a ct^h library. This is carried out 

first by isolation of mRNA from the above cells, followed by 

preparation of double stranded cDH, using an enzyme with reverse 
transcriptase activity and ligat=^>n with the selected vector. 
Numerous possibilities are available and known in the art for the 
preparation of the double strande — cDNA, and all such techniques 
are believed ta be applicable. preferred technique involves 

reverse transcription. Once a pop".ation of double stranded cDNAs 
is obtained, a cDNA library is prepared in the selected host by 
accepted techniques, such as by Ligation into the appropriate 
vector and amplification in the appropriate host. Due to the high 
number of clones that are obtaL^d, and the relative ease of 
screening large numbers of clone by the techniques set: forth 
herein, one may desire to employ pzage expression vectors, such as 
Xgtll, Xgtl2, XGemll , and/or \ZAT=for the cloning and expression 
screening of cDNA clones. 

In certain other embodiments the invention concerns isolated 
DNA segments and recombinant vectors that include within their 
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sequence a nucleic acid sequence essentially as Get forth in SEQ id 
NO:l. The term "essentially as set forth in SEQ ID N0:1" is used 
in the same sense as described above and means that the nucleic 
acid sequence substantially corresponds to a portion of SEQ id 
NOil, and has relatively few codons which are not identical, or 
functionally equivalent, to the codons of SEQ ID NO:l. The term 
"functionally equivalent codon 11 is used herein to refer to codons 
that encode the same amino acid, such as the six codons for 
arginine or serine, as set forth in Table I, and also refers to 
codons that encode biologically equivalent amino acids. 

It will also be understood that amino acid and nucleic acid 
sequences may include additional residues, such as additional or 
C-terminal amino acids or S' or 3' nucleic acid sequences, and yet 
still be essentially as set forth in one of the sequences disclosed 
herein , so long as the sequence meets the criteria set forth above, 
including the maintenance of biological protein activity where 
protein expression and enzyme activity is concerned. The addition 
of terminal sequences particularly applies to nucleic acid 
sequences which may, for example, include various non-coding 
sequences flanking either of the 5' or 3' portions of the coding 
region or may include various internal sequences, which are known 
to occur within genes. In particular, the amino acid sequence of 
the HAS gene in eukaryotes appears to be 40% larger than that found 
in prokaryotes. 

Allowing for the degeneracy of the genetic code as well as 
conserved and semi -conserved substitutions, sequences which have 
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between about 40% and about 8 0% ; onore preferably, between about 
80% and about 90%? or even more pr ;erably, between about 90% and 
about 99% ? of nucleotides which are dentical to the nucleotides of 
SEQ ID NO:l will be sequences whic are "essentially as set forth 
in SEQ ID NO:I ,L . Sequences which a - — * essentially the same as those 
set forth in SEQ ID N0:1 may al. p be functionally defined as 
sequences which are capable of r bridizing to a nucleic acid 
segment containing the complement mm SEQ ID N0:1 under standard or 
less stringent hybridizing conations. Suitable standard 

hybridization conditions will be ^11 known to those of skill in 
the art and are clearly set forth *rein. 

The term "standard hybridizatzrm conditions" as used herein, 
is used to describe those condit=ms under which substantially 
complementary nucleic acid segment ^svill form standard Wat son -Crick 
base -pairing, A number of factor are known that determine the 
specificity of binding or hybridi=tion, such as pH, temperature, 
salt concentration, the presence agents, such as formamide and 
dimethyl sulfoxide, the lengtl — of the segments that are 
hybridizing, and the like. When t is contemplated that shorter 
nucleic acid segments will be use— for hybridization, for example 
fragments between about 14 and S)ut 100 nucleotides, salt and 
temperature preferred conditions :or hybridization will include 
1 .2-1 . S x HPB at 40-50 C C. 

Naturally, the present inventon also encompasses DNA segments 
which are complementary, or esc^itially complementary, to the 
sequence set forth in SEQ ID NO:V~ Nucleic acid sequences which 
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are "complementary" are those which are capable of base -pairing, 
according to the standard Watson- Crick complementarity rules. As 
used herein, the term "complementary sequences" means nucleic acid 
sequences which are substantially complementary , as may be assessed 
by the same nucleotide comparison set forth above, or as defined as 
being capable of hybridizing to the nucleic acid segment of SEQ ID 
N0:1. 

The nucleic acid segments of the present invention, regardless 
of the length of the coding sequence itself, may be combined with 
other DNA sequences, such as promoters, polyadenylation signals, 
additional restriction enzyme sites, multiple cloning sites, 
epitope tags, poly histidine regions, other coding segments, and 
the like, such that their overall length may vary considerably. It 
is therefore contemplated that a nucleic acid fragment of almost 
any length may be employed, with the total length preferably being 
limited by the ease of preparation and use in the intended 
recombinant DNA protocol. 

Naturally, it will also be understood that this invention is 
not limited to the particular nucleic acid and amino acid sequences 
of SEQ ID NO:l and 2, Recombinant vectors and isolated DNA 
segments may therefore variously include the K&S coding regions 
themselves, coding regions bearing selected alterations or 
modifications in the basic coding region, or they may encode larger 
polypeptides which nevertheless include KAS- coding regions or may 
encode biologically functional equivalent proteins or peptides 
which have variant amino acids sequences, 
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For instance, we have found, characterized, and purified 
hyaluronate synthase in two other s items : (a) the gram-negative 
bacteria PasturBlla. multoclda (SEQ ) NO: 19); and {2) chlorella 
virus PECV-1 {SEQ id NOS : 7 and 8). ?he presence of hyaluronan 
synthase in these two systems and o=: ability to purify and use 
the hyaluronan synthase from these ifo different systems 
indicates our ability to purify anoWsolate nucleic acid 
sequences encoding enzymatically a&ve hyaluronan synthase. 

The capsule of Carter Type A J= jnultocida (SEQ ID N0:19) 
was long suspected of containing hy— Luronic acid-HA. 
Characterization of the HA synthase^) f P. multoclda. led to 
interesting en zymo logical difference between it and the seHAS 
and spHAS proteins . 

P. multocida. cells produce a rzzadily visible extracellular 
HA capsule, and since the two strepr)coccal HASs are membrane 
proteins, membrane preparations of le fowl cholera pathogen 
were tested. In early trials, crudr membrane fractions derived 
from ultrasonication alone possesses very low levels of UDP- 
GlcNAc-dependent UDF- [ 14 C] GlcA incorporation into HA[-0.2 pmol of 
GlcA transfer (pg of proteins) " 1 h _1 ] ^hen assayed under 
conditions similar to those for me^=iring streptococcal HAS 
activity. The enzyme from B. coli ith the recombinant hasA 
plasmid was also recalcitrant to if^Lanion at first. These 
results were in contrast to the ea F=l y detectable amounts 
obtained from Streptococcus by sinu^ir methods . 

An alternative preparation prc=ocol using ice -co id lysozyme 
treatment in the presence of protee^e inhibitors in conjunction 
with ultrasonication allowed the si stantial recovery of HAS 
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activity from both species of Gram -negative bacteria. Specific 
activities for HAS of 5-10 pmol of GlcA transferred (pig of 
protein) " l h _;i were routinely obtained for- crude membranes of wild- 
type P* multoaxda with the new method, In the absence of UDP- 
GlcNAc, virtually no radioactivity (<1% of identical assay with 
both sugar precursors) from UDP- ["CJ GlcA was incorporated into 
higher molecular weight material . Membranes prepared from the 
acapsular mutant, TnA f possessed no detectable HAS activity when 
supplemented with both sugar nucleotide precursors (data not 
shown) , Gel -filtration analysis using a Sephacryl s-200 column 
indicates that the molecular mass of the majority of the A4 C- labeled 
product synthesized In vitro is ^8 x 10* Da since the material 
elutes in the void volumes, such a value corresponds to a HA 
molecule composed of at least 400 monomers. This product is 
sensitive to Strep tomyces hyaluronidase digestion but resistant to 
protease treatment. 

The parameters of the HAS assay were varied to maximize 
incorporation of UDP -sugars into polysaccharide by P. multocida 
membranes . Streptococcal spHAS requires Mg 2 * and therefore this 
metal ion was included in the initial assays of P, multccida 
membranes . The P. multocida HAS (pmHAS } was relatively active from 
pH 6.5 to 8.6 in Tris-type buffers with an optimum at pH 7. The 
HAS activity was linear with respect to the incubation time at 
neutral pH for at least 1 h. The pmHAS was apparently less active 
at higher ionic strengths because the addition of 100 mM NaCl to 
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the reaction containing 50 mM Tri i=eh pH 7, and 20 mM MgCl 2 reduced 
sugar incorporation by -50%. 

The metal ion specificity of le pmHAS was assessed at pH 7, 

Under metal -free conditions in the presence of EDTA, no 

incorporation of radiolabeled pre=irsor into polysaccharide was 
detectable (<0.5% of maximal si Lai) . Mn J+ gave the highest 

incorporation rates at the lowest d i concentrations for the tested 

metals (Mg, Mn, Co, Cu f and Mi} . tfg 2 * gave about 50% of the Mn** 
stimulation but at 10-fold higher oncentrations , Co 2 * or Ni 2 * at 
lOmM supported lower levels of activity (20V or 9V, respectively, 
of 1 mM Mn 2 * assays) # but membrane supplied with ID mM Cu 2+ were 
inactive. Indeed, mixing 10 mM ^u 2 * and 2 0 mM 2 * Mg2 + with the 
membrane preparation resulted in =most no incorporation of label 
into polysaccharide (<0.8% of Mg — ly value) . 

Initial characterization of he praHAS was performed in the 
presence of Mg 2 \ The binding aff=ity of the enzyme for its sugar 
nucleotide precursors was assess I by measuring the apparent 
value. Incorporation of [ 14 C] GlcA : [^H] GlcNAc into polysaccharide 
was monitored at varied concentra — ions of UDP-GlcNAc or UDP-GlcA, 
respectively. In Mg 2 *- containing fc=ffers, the apparent values of 
-2 0 for UDP~GlcA and -75 :or UDP-GlcNAc were determined 

utilizing Hanes-Woolf plots ( [S] r versus [£] ) of the titration 
data * The V^. values for both s^ars were the same because the 
Slopes, corresponding to l/v^, z>t the Hanes-Woolf plots were 
equivalent. In comparison to resets from assays with Mg 1 *, the 
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value for UDP-GlcNAc was increased by about 2 5-50% to -105 jxM and 
the increased by a factor of 2~3-£old in the presence of Mn 3 *. 

The HA synthase enzymes from either P* multocida, S. 
equlslmille , or S. pyogenes utilizes UDP- sugars, but they possess 
somewhat different kinetic optima with respect to pH and metal ion 
dependence and values. The enzymes are most active at pH 7; 
however , the pmHAS reportedly displays more activity at slightly 
acidic pH and is relatively inactive above pH 7.4. The pmHAS 
utilizes Mn a * more efficiently than Mg 2 * under the in vitro assay 
conditions/ but the identity of the physiological metal cof actor in 
the bacterial cell is unknown. In comparison, in previous studies 
with the streptococcal enzyme, Mg i+ was much better than Mn a * but the 
albeit smaller effect of Mn 2+ was maximal at -10 -fold lower 
concentrations than the optimal Mg 2 * concentration. The pmHAS 
apparently binds the UDP- sugars more tightly than spHAS . The 
measured K« values for the pmHAS in crude membranes are about 2-3- 
fold lower for each substrate than those obtained from the HAS 
found in streptococcal membranes: 50 or 39 jiM for UDP-GlcA and 500 
or 150 jiM for TJDP-Glc3STAc , respectively. 

By kinetic analyses, the V M% of the pmHAS was 2 -3 -fold higher 
in the presence of Mn 2 * than Mg 3 *, but the UDP-GlcNAc K K value was 
increased slightly in assays with the former ion. This observation 
Of apparent lowered affinity suggests that the increased 
polymerization rate was not due to better binding of the Mn 24 
ion /sugar nucleotide complex to the enzyme active site(s) . 
Therefore, it is possible that Mn 2 * enhances some other reaction 
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step, alters another site/ structure f the enzyme, or modifies 
the phospholipid membrane environmei — : » The gene sequence and 
the protein sequence of pmHAS are sl==wn in SEQ ID NO: 19. 

Chi orel la vims PBCV-1 encodes . functional 
g lycosyl trans f erase that can synthesze a polysaccharide, 
hyaluronan [hyaluronic acid, HA] . r ~~ :is finding is contrary to 
the general observation that viruses either: (a) utilize host 
cell glycosyl transferases to create ew carbohydrate structures, 
or (b) accumulate host cell glycoco«iugates during virion 
maturation. Furthermore, HA has be^ generally regarded as 
restricted to animals and a few of — Leir virulent bacterial 
pathogens , Though many plant carbo~drates have been 
characterised, neither HA nor a rel :ed analog has previously 
been detected in cells of plants or >rotists. 

The vertebrate HAS enzymes (XXZ=L , HAS1, HAS2, HAS3) and 

streptococcal HasA enzymes (spHAS a i seHAS) have several 

regions of sequence similarity, Wh — Le sequencing the double- 
stranded DNA genome of virus FBCV-j [Paramecium hursarla. 

chlorella virus], an OHF [open reac^ig frame], A98R (Accession 
#442580) , encoding a 567 residue pr — lein with 28 to 33% amino 
acid identity to the various HASs v\^5 discovered. This protein 
is designated cvHAS {chlorella viri^ HA synthase) . The gene 
sequence encoding PBCV-1 and its pnztein sequence are shown in 
SEQ ID N0S:7 and 8. 

PBCV-1 is the prototype of a Mnily (Phycodnarviridae) cf 
large (175-190 nrn diameter) polyherr^al , plaque- forming viruses 
that replicate in certain unicelluHr, eukaryotic chlorella-like 
green 
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algae. PBCV-i virions contain at least 50 different proteins and 
a lipid component located inside the outer glycoprotein capsid.' 
The PBCV-1 genome is a linear, nonpermuted 330-kb dsDNA molecule 
with covalently closed hairpin ends. 

Based on ita deduced amino acid sequence , the A98R gene 
product should be an integral membrane protein. To test this 
hypothesis, recombinant A98R was produced in Escherichia coli and 
the membrane fraction was assayed for HAS activity* UDP-GlcA and 
UDP-GlcNAc were incorporated into the polysaccharide by the 
membrane fraction derived from cells containing the A98R gene on a 
plasmid, pCVHAS, {average specific activity 2.S pmolee GlcA 
transfer /^g protein/min) but not by samples from control cells 
(<0.001 pmoles GlcA transfer/fig protein/min) . No activity was 
detected in the soluble fraction of cells transformed with pCVHAS . 
UDP-GlcA and UDP-GlcNAc were simultaneously required for 
polymerization. The activity was optimal in Hepes buffer at pK 7.2 
in the presence of 10 mM MnCl a , whereas no activity was detected if 
the metal ion was omitted. Mg 3 " and Co 7 * were -20% as effective as 
Mn 2 * at similar concentrations. The pmHAS has a similar metal 
requirement, but other HASs prefer Mg 2 * . 

The recombinant A98R enzyme synthesized a polysaccharide with 
an average molecular weight of 3-6jc10 6 Da which is smaller than 
that of the HA synthesized by recombinant spHAS or DG42 xlHAS In 
vitro Da and ~5-8xlO fi Da, respectively; 13,15) . The 

polysaccharide was completely degraded by Streptomyces 
hyaluroni ticus HA lyase, an enzyme that depolymer izes HA, but * not 

45 



SUBSTITUTE SHEET (RULE 26) 



WO 99/23227 



PCT7US98/23153 



structurally related glycosaminc — t yeans such as heparin and 
chondro i t in . 

PBCV-1 infected chlorella ceZs were examined for J198R gene 

expression. A -1 f 700 -nucleotide *SR transcript appeared at -15 

min post -infect ion and disappeaa — 3 by 60 min after infection 
indicating that A9$R is an early— gene . Consequently, membrane 
fractions from uninfected and PBCV : infected chlorella cells were 
assayed at '50 and 9 0 min post-inf e< — i on for HAS activity. Infected 
cells, but not uninfected cel~, had activity. Like the 
bacterial ly derived recorabinanz A98R enzyme, radiolabel 
incorporation from UDP- [ W C] GlcA ^to polysaccharide depended on 
both Mn 2 * and UDP-GlcNAc, This radiolabeled produce was also 
degraded by HA lyase. Disrupts PBCV-1 virions had no HAS 
activity. 

PBCV-1 infected chlorella rells were analyzed for HA 
polysaccharide ueing a highly aaecific 125 I- labeled HA-binding 
protein. Extracts from cells a 50 and 90 min post- infect ion 
contained substantial amounts c= HA, but not extracts from 
uninfected algae or disrupted virions* The labeled HA- 

binding protein also interacted u-th intact infected cells at 50 
and 90 min post-infection, but tm: healthy cells. Therefore, a 
considerable portion of the newly mthesized HA polysaccharide was 
immobilized at the outer cell sunce of the infected algae. The 
extracellular HA does not play an obvious role in the interaction 
between the virus and its algal :>st because neither plaque size 
nor plaque number was altered y including either testicular 



SUBSTITUTE SKET (RULE 26) 



WO 99/23227 



PCT/US9S/23153 



hyaluronidase (465 units /ml) or free HA polysaccharide (100 pg/ml) 
in the top agar of the PBCV-1 plaque assay. 

The PBCV-1 genome also has additional genes that encode for an 
UDP-Glc dehydrogenase (UDP-Glc DH) and a glutamine: fructose- 
phosphate aminotransferase {GFAT} , UDP-Glc DH converts UDP-Glc 
into UDP-GlcA, a required precursor for HA biosynthesis. GFAT 
converts fructose -6 -phosphate into glucosamine -6 -phosphate, an 
intermediate in the UDP-GlcNAc metabolic pathway. Both of these 
PBCV-1 genes, like the AS Si? HAS , are expressed early in infection 
and encode en2ymatically active proteins . The presence of multiple 
enzymes in the HA biosynthesis pathway indicates that HA production 
must serve an important function in the life cycle of the chlorella 
viruses . 

HA synthases of Streptococcus, vertebrates, and PBCV-1 possess 
many motifs of 2 to 4 residues that occur in the same relative 
order- These conserved motifs probably reflect domains crucial for 
HA biosynthesis as shown in FIG* 2, The protein sequences of Group 
C seHAS f Group A spH&S, murine HASl , HAS2, HAS3 , and frog HAS are 
shown aligned in FIG. 2- The alignment of FIG ♦ 2 was accomplished 
using the DNAsis multiple alignment program. Residues in seHAS 
identical in other known HAS family members (including human HAS1 
and 2, not shown) are denoted by shading and asterisks. The amino 
acids indicated by dots are conserved in all members of the larger 
^-glycosyl transferase family. The diamond symbol indicates the 
highly conserved cysteine residue that may be critical for enzyme 
activity. The approximate mid-points of predicted membrane domains 
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MDl through MD7 are indicated witz= arrows. XI indicates Xeopus 
laevis, and MM denotes Mus mu&aul:=. 

Regions of similarity betwee= HASe and other enzymes that 
synthesize linked polysaccharide from UDP- sugar precursors are 
also being discovered as more glyc — ayl transferases are sequenced. 
Examples include bacterial cellules synthase , fungal and bacterial 
chitin synthases, and the various JSs . The significance of these 
similar structural motifs will bec=ne more apparent as the three- 
dimensional structures of glycosyMransf erases accumulate. 

FIG. 3 depicts the evolutiona — r relationships among the known 
hyaluronan synthase. The phylogen— ic tree of FIG. 3 was generated 
by the Higgins-Sharp algorithm usi r the DNAsis multiple alignment 
program- The calculated matching ezreentages are indicated at each 
branch of the dendrogram. 

The DNA segments of the present invention encompass 
biologically functional equivalent: — [AS proteins and peptides* Such 
sequences may arise as a consecjance 'of codon redundancy and 
functional equivalency which are lown to occur naturally within 
nucleic acid sequences and he proteins thus encoded. 
Alternatively, functionally eguivsant proteins or peptides may be 
created via the application of rec—binant DNA technology, in which 
changes in the protein structure may be engineered, based on 
considerations of the properties o^he amino acids being exchanged. 
Changes designed by man may be introduced through the application of 
site-directed mutagenesis tecHZiqueSj e.g., to introduce 
improvements to the enzyme activi / or to antigenicity of the HAS 
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protein or to test HAS mutants in order to examine KA synthase 
activity at the molecular level. 

Also, specific changes to the HAS coding sequence can result in 
the production of HA having a modified size distribution or 
Structural configuration. One of ordinary skill in the art would 
appreciate that the HAS coding sequence can be manipulated in a 
manner to produce an altered hyaluronate synthase which in turn is 
capable of producing hyaluronic acid having differing polymer sizes 
and/or functional capabilities. For example, the HAS coding 
sequence may be altered in such a manner that the hyaluronate 
synthase has an altered sugar substrate specificity so that the 
hyaluronate synthase creates a new hyaluronic acid-like polymer 
incorporating a different structure such as a previously 
unincorporated sugar or sugar derivative. This newly incorporated 
sugar could result in a modified hyaluronic acid having different 
functional properties, a hyaluronic acid having a smaller or larger 
polymer size /molecular weight, or both. As will be appreciated oy 
one of ordinary skill in the art given the HAS coding sequences, 
changes and/or substitutions can be made to the HAS coding sequence 
such that these desired property and/or size modifications can be 
accomplished. Table II lists sugar nucleotide specificity and 
magnesium ion requirement of recombinant seHAS . 
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TABLE I 

Sugar nucleotide e^acificity and 
Magnesium ion requirement — o f recombinant oeKAS 



HA Synthesis* 

Second Sugar nucleotide UDP- *C]GlcA UDP- [ 3 HJ GlcNAc 

present (^M) d — \ (%) dpm <%) 



None 




90 [2.1%) 


8 


(1.2%) 


UDP -GlcNAc 


(300) 


4134 ;ioo%) 






UDP-GlcA 


(120J 




635 


(100%) 


UDP-Glc 


(ISO) 


SD (1-9%) 


10 


(1-5%) 


DDP-GalNAc 


(280) 


74—U .7%) 


19 


(2.9%) 


UBP-GalA 


(150) 


5fc=(1.4%) 


19 


(2.9%) 


WDP-GlcNAc 


+ EDTA 


3 3 (0.7%) 






UDP-GlcA + 


EDTA 




22 


(3.4%) 



* Membranes (324 ng protein) ve« incubated at 37 °C for 1 h with 
either 120 jiM UDP- [ W C] Glc^(2.8xl0* dpm) or 300 fiM UDP- 

[ 3 H] GlcNAc {2xl0 4 dpm) . The r iolabeled sugar nucleotide was 

used in the presence of the iaaiicated second nonlabeled sugar 
nucleotide. HA synthase acti — .ty was determined as described 
in the application. 

The term "modified stnictu^ ir as used herein denotes a 
hyaluronic acid polymer containSf a sugar or derivative not 
normally found in the naturally occurring HA polysaccharide. The 
term "modified size distributio refer to the synthesis of 
hyaluronic acid molecules of a. siz*=iistribution not normally found 
with the native enzyme; the engine^=»d size could be much smaller or 
larger than normal . 

Various hyaluronic acid pr — iucts of differing size have 
application in the areas of drug delivery and the generation cf. an 
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enzyme of altered structure can be combined with a hyaluronic acid, 
of differing size. Applications in angiogeneeie and wound healing 
are potentially large i£ hyaluronic acid polymers of about 20 
monosaccharides can be made in good quantities. Another particular 
application for small hyaluronic acid oligosaccharides is in the 
stabilization of recombinant human proteins used for medical 
purposes. A major problem with such proteins is their clearance 
from the blood and a short biological half life. One present 
solution to this problem is to couple a small molecule shield that 
prevents the protein from being cleared from the circulation too 
rapidly* Very small molecular weight hyaluronic acid is well suited 
for this role and would be no n immunogenic and biocompatible. Larger 
molecular weight hyaluronic acid attached to a drug or protein may 
be used to target the reticuloendothelial cell system which has 
endocytic receptors for hyaluronic acid. 

One of ordinary skill in the art given this disclosure would 
appreciate that there are several ways in which the size 
distribution of the hyaluronic acid polymer made by the hyaluronate 
synthase could be regulated to give different sizes, First, the 
kinetic control of product size can be altered by decreasing 
temperature, decreasing time of enzyme action and by decreasing the 
concentration of one or both sugar nucleotide substrates. 
Decreasing any or all of these variables will give lower amounts and 
smaller sizes of hyaluronic acid product. The disadvantages of 
these approaches are that the yield of product will also be 
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decreased and it may be difficult ,o achieve reproducibility from 
day to day or batch to batch. 

Secondly, the alteration of tfii intrinsic ability of the enzyme 
to synthesize a large hyaluroniczzacid product. Changes to the 
protein can be engineered by recoi«Blnant DKA technology, including 
substitution, deletion and additio— of specific amino acids (or even 
the introduction of prosthetic gro\ — s through metabolic processing) . 
Such changes that result in an intrinsically slower enzyme could 

then allow more reproducible con rol of hyaluronic acid size by 

kinetic means* The final hyalu mic acid size distribution is 
determined by certain characteris-icG of the enzyme, that rely on 
particular amino acids in the seq — ;iice. Among the 20% of residues 
absolutely conserved between th« streptococcal enzymes and the 
eukaryotic hyaluronate synthases, ihere is a set of amino acids at 
unique positions that control or eatly influence the size of the 
hyaluronic acid polymer that the syme can make. Specific changes 
in any of these residues can prod u . a modified HAS that produces an 
KA product having a modified size Lstribution. Engineered changes 
to seHAS f spHAS, pmHAE , or cvHAS t tt decrease the intrinsic size of 
the hyaluronic acid that the enzy=* can make before the hyaluronic 
acid is released, will provide po=arful means to produce hyaluronic 
acid product of smaller or potentially larger size than the native 
enzyme . 

Finally, larger molecular eight hyaluronic acid made be 
degraded with specific hyaluronid ;es to make lower molecular weight 
hyaluronic acid. This practice however, is very difficult to 
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achieve reproducibility and one must meticulously repurify the- 
hyaluronic acid to remove the hyaluronidase and unwanted digestion 
products . 

As shown in PIG. 4, hyaluronan synthase can be engineered to 
produce hyaluronic acid polymers of different size, in particular 
smaller, than the. normal wildtype enzyme* The figure shows the 
distribution of HA sizes (in millions of Daltons, a measure of 
molecular weight) for a series of spHAS enzymes, each of which was 
engineered by site directed mutagenesis to have a single amino acid 
change from the native enzyme. Each has a different Cysteine 
residue replaced with Alanine. The cluster of five curves with open 
symbols represent the following spHAS proteins: wildtype, C124A, 
C261A, C36 6A, and C4 02A. The filled circles represent the poorly 
expressed C2 25A protein which is only partially active. 

The filled triangles is the C2 80A spHAS protein, which is found 
to synthesize a much smaller range of HA polymers than the normal 
enzyme or the other variants shown. This reduction to practice 
shows that it is feasible to engineer the hyaluronate synthase 
enzyme to synthesize a desired range of HA product sizes- The 
eeHAS, pmHAS, and cvHAS genes encoding hyaluronate synthase can also 
be manipulated by site directed mutagenesis to produce an enzyme 
which synthesizes a desired range of HA product sizes. 

Structurally modified hyaluronic acid is no different 
conceptually than altering the size distribution of the hyaluronic 
acid product by changing particular amino acids in the desired HAS 
or the spHAS . Derivatives of UDP-GlcNAc, in which the H-ace + tyl 
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group is missing UDP-GlcN or rep lac — L with another chemically useful 

group, are expected to be particula y useful. The strong substrate 

specificity must rely on a partici — ar subset of amino acids among 
the 20% that are conserved. Specific changes to one or more of 
these residues creates a functioxs^L synthase that interacts less 
specifically with one or more of he substrates than the native 
enzyme- This altered enzyme could ien utilize alternate natural or 
special sugar nucleotides to incorporate sugar derivatives designed 
to allow different chemistries tczbe employed for the following 

purposes: (i) covalently couplin specific drugs, proteins, or 

toxins to the structurally modif i^^ hyaluronic acid for general or 

targeted drug delivery, radio] jical procedures, etc, (ii) 

covalently cross linking the hya~ronic acid itself or to other 
supports to achieve a gel, or oth - three dimensional biomaterial 
with stronger physical propertie — and (iii) covalently linking 
hyaluronic acid to a surface to xeate a biocompatible film or 
monolayer. 

Bacteria can also be engine<=ed to produce hyaluronic acid, 
For instance, we have created straps of B ♦ suhtxlle containing the 
spHAS gene, as well as the gene one of the sugar nucleotide 

precursors. We chose this bacter since it is frequently used in 
the biotech industry for the prod — ition of products for human use. 

These bacteria were intended as f i st generation prototypes for the 

generation of a bacterium able to roduce hyaluronic acid in larger 
amounts than presently available sing a wild type natural strain. 
We put in multiple copies of thes genes. 
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For example, three Bacillus eubtilis strains were constructed, 
to contain one or both of the Streptococcus pyogenes genes for 
hyaluronan synthase (spHAS) and IIDP-glucose dehydrogenase, the 
results of which are shown in Table XI-B. Based on a sensitive 
commercial radiometric assay to detect and quant it ate HA, it was 
determined that the strain with both genes {strain #3) makes and 
secretes .HA into the medium. The parent strain or the strain with 
just the dehydrogenase gene (strain #1} does not make HA. Strain 
#2, which contains just the spHAS gene alone makes HA, but only 10% 
of what strain #3 makes. Agarose gel electrophoresis showed that 
the HA secreted into the medium by strain #3 is very high molecular 
weight , 



TABLE II-B 



Strain 
Number 


Cells 


Medium (*) 


Strain with 
genes 


Cell 
density 
( A fi00 ) 


(jig HA per ml of culture) 


1 


0 


0 


hasB 


4.8 


2 


4 


35 


SpHAS 


3-9 


3 


->10 


>250 


SpHAS + 
hasB 


3.2 



(*) Host HA is in media but some was cell - associated ; HA was 
determined using the HA Test 50 kit from Pharmacia. 
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These experiments used the s 'eptococcal promoters normally- 
found with these genes to drive pr< — *in expression* It is expected 
that the construction of strains — th the spHAS or seHAS reading 
frame under control of a B. subtil ^promoter would yield even more 
superior results. The vector uf^I is a Gram positive/^. Coll 
shuttle vector that has a medium t — py number in B. suhtilis and a 
gene for erythromycin resistance (enabling resistence to 8 ^g/ml in 
B* &ubt±lls or 175 ^g/ml in £. col . The B. subtilis host strain 
used is 1A1 from BGSC, which ha a tryptophan requirement but 
otherwise is wildtype, and can sorulate. Cell growth and HA 
production was in Spizizens Minima~^edia plus tryptophan, glucose, 
trace elements and erthromycin (8 _/ml) . Growth was at 3 2 degrees 
Celsius with vigorous agitation un 1 the medium was exhausted (-3 6 
hours) - 

This demonstrates that these Loengineered cells, which would 
not normally make hyaluronic acid became competent to do so when 
they are transformed with the spH^= gene. The seHAS would also be 
capable of being introduced into non-hyaluronic acid producing 
bacteria to create a bioenginee^ssd bacterial strain capable of 
producing hyaluronic acid . 

A preferred embodiment of th— present invention is a purified 
composition comprising a polypept Le having an amino acid sequence 
in accordance with SEQ ID NO : 2 . Tbr: term "purified" as used herein, 
is intended to refer to an HAS prc=ain composition, wherein the HAS 
protein or appropriately modifie HAS protein (e.g. containing a 
[HISl 6 tail) is purified to any czzgree relative to its naturaliy- 
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obtainable , state, i.e., in this case, relative to its purity within 
a prokaryotic cell extract, HAS protein may be isolated from 
Streptococcus, Pa.st:urella , chlorella virus, patient specimens, 
recombinant cells, infected tissues, isolated cubpopulation of 
tissues that contain high levels of hyaluronate in the extracellular 
matrix, and the like, as will be known to those of skill in the art, 
in light of the present disclosure. For instance, the recombinant 
seHAS or spKAS protein makes up approximately 10% of the total 
membrane protein of £. coli, A purified HAS protein composition 
therefore also refers to a polypeptide having the amino acid 
sequence of SEQ ID NG:2, free from the environment in which it may 
naturally occur {FIG. 5) . 

Turning to the expression of the seHAS gene whether from 
genomic DNA, or a cDNA, one may proceed to prepare an expression 
system for the recombinant preparation of the HAS protein. The 
engineering of DNA segment (s) for expression in a prokaryotic or 
eukaryotic system may be performed by techniques generally known to 
those of skill in recombinant expression. 

HAS may be successfully expressed in eukaryotic expression 
systems, however, the inventors aver that bacterial expression 
systems can be used for the preparation of HAS for all purposes . It 
is believed that bacterial expression will ultimately have 
advantages over eukaryotic expression in terms of ease ©f use, cost 
of production, and quantity of material obtained thereby. 

The purification of streptococcal hyaluronan synthase (seHAS 
and spHAS) is shown in Table III and FIG. 6. Fractions from varipus 
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stages of the purification scheme ere analyzed by SDS-PAGE on a 
12.5 V gel, which was then stained =th Coomassie Brilliant Blue ft- 
250. Lanee : molecular weight oiarZrs; l f whole E.coli membranes 
containing the recombinant seHAS-M; 2, insoluble fraction after 
detergent solubilization of membrznes; 3, detergent solubilized 
fraction; 4, f low- through from the 1 — ~NTA chromatography resin; 5-9, 
five successive washes of the colun= (two column volumes each) ; 10, 
the eluted pure HA synthase which s a single band* 

TABLE II 



Step 


Total 

Protein 

(ug) 


Specific 
Activity 
(mmol/ug/ 
hr. 


— >tal 

rtivity 

)P-GlcA) 


Yield 
(%) 


Purification 
(-fold) 


Membranes 


3690 


1.0 


;49 


100 


1-0 


Extract 


2128 


2.2 


125 


129 


2.2 


Affinity 
Column 


39 


13 


)0 


14 


13 .1 



It is proposed that transf o-^iation of host cells with DNA 
segments encoding HAS will provide convenient means for obtaining 
a HAS protein. It is also propos \ that cDNA, genomic sequences, 
and combinations thereof, are suit^^e for eukaryotic expression, as 
the host cell will, of course, pr ?ess the genomic transcripts to 
yield functional mRNA for transla on into protein. 

Another embodiment of the p tsent invention is a method of 
preparing a protein composition — mprising growing a recombinant 
host cell comprising a vector that^ncodes a protein which includes 
an amino acid sequence in ac— »rdance with SEQ ID NO : 2 or 
functionally similar with conser — id or semi - conserved amino acid 
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changes. The host cell will be grovm under conditions permitting 
nucleic acid expression and protein production followed by recovery 
Of the protein so produced. The production of HAS and ultimately 
HA, including the host cell, conditions permitting nucleic acid 
express ion , protein production and recovery will be known to those 
of skill in the art in light of the present disclosure of the seHAS 
gene, and the seHAS gene protein product HAS, and by the methods 
described herein. 

Preferred hosts for the expression o£ hyaluronic acid are 
prokaryotes, such as S. eguisiituiis, and other suitable members of 
the Streptococcus species. However, it is also known that HA may be 
synthesized by heterologous host cells expressing recombinant HA 
synthase, such as species members of the Bacillus, Snterococcus, or 
even Escherichia genus. A most preferred host for expression of the 
HA synthase of the present invention is a bacteria transformed with 
the HAS gene of the present invention, such as Lactzococcus species , 
Bacillus subtilis or K . coli. 

It is similarly believed that almost any eukaryotic expression 
system may be utilized for the expression of HAS e.g. f baculovirus- 
based, glutamine synthase -based, dihydrof olate reductase -based 
systems, SV-4 0 based, adenovirus - based , cytomegalovirus -based , 
yeast -based, and the like, could be employed. For expression in 
this manner, one would position the coding sequences adj-acent to and 
under the control of the promoter. It is understood in the art that 
to bring a coding sequence under the control of such a promoter , one 
positions the 5' end of the transcription initiation site of the 
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transcriptional reading frame of protein between about 1 and. 

about 50 nucleotides * downstream— of (i.e., 3' of} the chosen 
promoter- Also, Saccharcmyces cei — trisiae yeast expression vector 
systems, such as pY£S2 , will also Hfoduce HAS under control of the 
GAL promoter as shown in PIG. 7. F~. 7 shows that the spHAS enzyme 
was produced in recombinant yeast ising the pYES2 plasmid. When 
supplied with UDP-GlcA and UDP- .cNAc, the enzyme makes high 
molecular weight HA, 

Where eukaryotic expression s contemplated, one will also 
typically desire to incorporate int=: the transcriptional unit which 
includes the HAS gene or DNA, an ^ropriate polyadenylation site 
(e.g., 5 ' -AATAAA-3 ' ) if one was n<= contained within the original 

cloned segment. Typically, the po] A addition site is placed about 

30 to 2OO0 nucleotides 11 downstreainr: of the termination site of the 
protein at a position prior to tr— script ion termination. 

It is contemplated that virtu .ly any of the commonly employed 
host cells can be used in connect iiri with the expression of HAS in 
accordance herewith. Examples of preferred cell lines for 
expressing HAS cDKA of the preset invention include cell lines 
typically employed for eukaryotic=ixpression such as 239, AtT-20, 
HepG2, VERO, HeLa , CHO, WI 3B, RIN and MDCK cell lines. 

This will generally include the — eps of providing a recombinant 
host bearing the recombinant DNA s ment encoding the HAS enzyme and 
capable of expressing the enzyme; jlturing the recombinant host in 

media under conditions that will allow for transcription of the 

cloned HAS gene or cDNA and apprczriate for the production of the 
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hyaluronic acid? and separating and purifying the HAS enzyme or the 
secreted hyaluronic acid from the recombinant host. 

Generally, the conditions appropriate for expression of the 
cloned HAS gene or cDNA will depend upon the promoter, the vector, 
and the host system that is employed. For example, where one 
employs the lac promoter, one will desire to induce transcription 
through the inclusion of a material that will stimulate lac 
transcription, such as isopropylthiogal act o side . For example, the 
cloned seHAS gene of the present invention is expressed as a His e 
containing protein in E. coli as shown in FIG, 5. Where other 
promoters are employed, different materials may be needed to induce 
or otherwise up - regulate transcription. 

FIG. 5 depicts the over/expression of recombinant SeHAS and 
spHAS in £. coli. Membrane proteins (5mg per lane) were 
fractionated by SDS-PAGE using a 10% (w/v> gel under reducing 
conditions- The gel was Gtained with Coomassie blue R-25D, 
photographed, scanned, and quant i t at ed using a molecular dynamics 
personal densitometer (model PDSI P60) . The position of HA synthase 
is marked by the arrow. Lane A is native spHAS (Group A) ; Lane C is 
native seHAS; Lane E is recombinant seHAS; Lane P is recombinant 
spHAS ; Lane V is vector alone. Standards used were Bio-rad low Mr 
and shown in kDa . 

In addition to obtaining expression of the synthase, one will 
preferably desire to provide an environment that is conducive to HA 
synthesis by including appropriate genes encoding enzymes needed for 
the biosynthesis of sugar nucleotide precursors, or by using growth 

61 



SUBSTITUTE SHEET (RULE 26) 



WO 99/23227 



POYUS98/23153 



media containing substrates for tbrz precursor -supplying enzymes, 
such as N-acetylglucosamine or glu — asamine tGlcHAc or GlcNH a ) and 
glucose (Glc) , 

One may further desire to inco jorate the gene in a host which 
is defective in the enzyme hyal;»>nidase , so that the product 
synthesized by the enzyme will n . be degraded in the medium. 
Furthermore, a host would be chose to optimize production of HA* 
For example , a suitable host won — t be one that produced large 
quantities of the sugar nucleotide=precursors to support the HAS 
enzyme and allow it to produce lar^a quantities of HA. Such a host 
may be found naturally or may be i=de by a variety of techniques 
including mutagenesis or recombinant: DNA technology. The genes for 
the sugar nucleotide synthesizing e=cymes, particularly the UDP-GLc 
dehydrogenase required to produce '=^P-GlcA / could also be isolated 
and incorporated in a vector alon=with the HAS gene or cDNA. A 
preferred embodiment of the pre sen invention is a host containing 
these ancillary recombinant gene o cDNAs and the amplification of 
these gene products thereby allowin™fox increased production of HA. 

The means employed for cult^ing of the host cell is not 
believed to be particularly cruci=. For useful details, one may 
wish to refer to the disclosur^of U.S. Pat. Nos> 4,517,295; 
4,801,535; 4,784,990; or 4,780,4 L; all incorporated herein by 
reference. Where a prokaryotic nost is employed, such as S> 
equislniills, one may desire to empfl^ a fermentation of the bacteria 
under anaerobic conditions in C0 2 -e^riche£ broth growth media. This 
allows for a greater production of \ than under aerobic conditions. 
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Another consideration is that Streptococcal cellc grown 
anaerobically do not produce pyrogenic exotoxins. Appropriate 
growth conditions can be customized for other prokaryotic hosts, as 
will be toiown to those of skill in the art, in light of the present 
disclosure. 

Once the appropriate host has been constructed, and cultured 
under conditions appropriate for the production of HA, one will 
desire to separate the HA so produced. Typically, the HA will be 
secreted or otherwise shed by the recombinant organism into the 
surrounding media , allowing the ready isolation of HA from the media 
by known techniques. For example t HA can be separated from the 
cells and debris by filtering and in combination with separation 
from the media by precipitation by alcohols such as ethanol t Other 
precipitation agents include organic solvents such as acetone or 
quaternary organic ammonium salts such as cetyl pyridinium chloride 
(CPC) - 

A preferred technique for isolation of HA is described in U.S. 
Pat. No. 4,517,295, and which is incorporated herein by reference, 
in which the organic carboxylic acid, trichloroacetic acid, is added 
to the bacterial suspension at. the end of the fermentation. The 
trichloroacetic acid causes the bacterial cells to clump and die and 
facilitates the ease of separating these cells and associated debris 
from HA, the desired product. The clarified supernatant is 
concentrated and dialyzed to remove low molecular weight 
contaminants including the organic acid. The aforementioned 
procedure utilises filtration through filter cassettes containing 
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0,22 /im pore size filters. Diafi] cation is continued until the. 

conductivity of the solution decre=es to approximately 0.5 mega* 
ohms. 

The concentrated HA is preci^tated by adding an excess of 
reagent grade ethanol or other orgar=c solvent and the precipitated 
HA is then dried by washing wi i ethanol and vacuum dried, 
lyophilized to remove alcohol. The A can then be redissolved in a 
borate buffer, pH 8, and precipit — ed with CPC or certain other 
organic ammonium salts such as CE^^S, a mixed trimethyl ammonium 
bromide solution at 4 degree (s) Ctssius, The precipitated HA is 

recovered by coarse filtration, resi pended in 1 M NaCl f diaf iltered 

and concentrated as further desc .bed in the above referenced 
patent. The resultant HA is fil«r sterilised and ready to be 
converted Co an appropriate salt, ry powder or sterile solution, 
depending on the desired end use. 

A* Typical Genetic Engineering Me— lode Which May Be Employed 

If cells without formidable c<=l membrane barriers are used as 
host cells, transection is carri = out by the calcium phosphate- 
precipitation method, well known o those of skill in the art. 
However, other methods may also b used for introducing DNA into 
cells such as by nuclear njection, cationic lipids, 
electroporation, protoplast fus >n or by the Biolistic ( tm) 
Bioparticle delivery system developed by DuPont {338 9) . The 
advantage of using the DuPont s — ;tetn is a high transformation 
efficiency. If prokaryotic cells a — cells which contain substantial 
cell wail constructions are u. — d f the preferred, method of 
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trans feet ion is calcium treatment using calcium chloride to induce, 
corape t ence or elect ropora t i on . 

Construction of suitable vectors containing the desired coding 
and control sequences employ standard ligation techniques. Isolated 
plasmids or DNA fragments are cleaved/ tailored, and religated in 
the form desired to construct the plasmids required. Cleavage is 
performed by treating with restriction enzyme (or enzymes) in 
suitable buffer. In general, about 1 /ig plasmid or DNA fragments 
are used with about l unit of enzyme in about 2 0 jil of buffer 
solution. Appropriate buffers and substrate amounts for particular 
restriction enzymes are specified by the manufacturer. Incubation 
times of about 1 hour at 37° C are workable. 

After incubations, protein is removed by extraction with phenol 
and chloroform, and the nucleic acid is recovered from the aqueous 
fraction by precipitation with ethanol. If blunt ends are required, 
the preparation is treated for 15 minutes at 15° C with 10 units of 
Polymerase I (Klenow) , phenol -chloroform extracted, and ethanol 
precipitated. For ligation approximately equimolar amounts or the 
desired components, suitably end tailored to provide correct 
matching are treated with about 10 units T4 DNA ligase per 0.5 fig 
DNA. When cleaved vectors are used as components, it may be useful 
to prevent religation of the cleaved vector by pretreatment with 
bacterial alkaline phosphatase. 

For analysis to confirm functional sequences in plasmids 
constructed, the first step was to amplify the plasmid DNA by 
cloning into specifically competent E . coli SURE cells (Stratagene) 
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by doing transformation at 30-32°C- Second, the recombinant plaemid- 
is vsed to transform E. coll K5 sti — .n B18337-41, which can produce 
the XJDP-GlcA precursor, and succe ;ful transf ormants selected by 
antibiotic resistance as appropria™. Plasmids from the library of 
transformants are then screened f oi=aacterial colonies that exhibit 
HA production. These colonies re picked, amplified and the 
plasmids purified and analyzed by r— triction mapping. The plasmids 
showing indications of a functiczzal HAS gene are then further 
characterized by any number of eeance analysis techniques which 
are known by those of ordinary sk — 1 in the art. 
B» Source and Host Cell Cultures nd Vectors 

In general, prokaryotes were sed for the initial cloning of 
DNA sequences and construction I the vectors useful in the 
invention. It is believed that suitable source may be Gram- 
positive cells, particularly th le derived from the Group C 

Streptococcal strains. Bacteria w=h a single membrane, but a thick 
cell wall such as Staphylococci ant — Streptococci are Gram-positive. 
Gram-negative bacteria such as 7. coli contain two discrete 

membranes rather than one surroi ding the cell. Gram -negative 

organisms tend to have thinner ceZZ walls. The single membrane of 
the Gram-positive organisms is nalogous to the inner plasma 

membrane of Gram-negative bactera The preferred host cells are 

Streptococcus strains that are — tared to become hyaluronidase 
negative or otherwise inhibited EP144019, EP266578, EF244757) . 
Streptococcus strains that have be=i particularly useful include S. 
equislmilis and s+ zooepldernicus — 



SUBSTITUTE SKET (RULE 26) 



WO 99/23227 



PCT/US98/23153 



Prokaryotes may also be used for expression. For the_ 
expression of HA synthase in a form most likely to accommodate high 
molecular weight HA synthesis, one may desire to employ 
Streptococcus species such as S* eqaisimiliB or zooepldemicus . 
The aforementioned strains, as well as E. coli W3110 (F-, lambda- , 
prototrophic, ATCC No. 273325), bacilli such as Bacillus suhtilis, 
or other enterobacteriaceae such as Serratia marce&cens , could be 
utilized to generate a 11 super 11 HAS containing host. 

In general, plasmid vectors containing origins of replication 
and control sequences which are derived from species compatible with 
the host cell are used in connection with these hosts. The vector 
ordinarily carries an origin of replication, as well as marking 
sequences which are capable of providing phenotypic selection in 
transformed cells. For example, £. coli is typically transformed 
using pBR322, a plasmid derived from an E, coli species. pBR322 
contains genes for ampicillin and tetracycline resistance and thus 
provides easy means for identifying transformed cells. A pBR 
plasmid or a pUC plasmid, or other microbial plasmid or phage must 
also contain, or be modified to contain, promoters which can be used 
by the microbial organism tor expression of its own proteins. 

Those promoters most commonly used in recombinant DNA 
construction include the lacZ promoter, tac promoter, the T7 
bacteriophage promoter, and tryptophan (trp) promoter system. While 
these are the most commonly used, other microbial promoters have 
been discovered and utilized, and details concerning their 
nucleotide sequences have been published, enabling a skilled worker 
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to ligate them functionally with pi ;mid vectors. Also for use with. 

the present invention one may util se integration vectors* 

In addition to prokaryotes, ei: — aryotic microbes, such as yeast 
cultures may also be used. Sacc—jromyces cerevisiae, or common 
baker's yeast is the most co lonly used among eukaryotic 
microorgaiiisms , although a numberz=of other strains are commonly 
available. For expression in Sacc iromyces , the plasmid YRp7, for 
example, is commonly used. This p ismid already contains the trpl 
gene which provides a selection ma— er for a mutant strain of yeast 
lacking the ability to grow withoi_ tryptophan, for example, ATCC 
No. 44 076 or PEP4-1. The pres=ice of the trpl lesion as a 
characteristic of the yeast hostmcell genome then provides an 
effective environment for detect in transformation by growth in the 
absence of tryptophan, Suitabl — ■ promoting sequences in yeast 
vectors include the promoters for le galactose utilisation genes , 
the 3 -phosphoglycerate kinase or czztier glycolytic enzymes, such as 
enolasc , glycer aldehyde - 3 -phosph_._e dehydrogenase , hexokinase , 
pyruvate decarboxylase, phosphof =ctokinase, glucose- G -phosphate 
isomerase, 3 -phosphoglycerate mutase, pyruvate kinase, 
triosephosphate isomerase, pMaphoglucose isomerase, and 
glucokinase . 

In constructing suitable exp asion plasmids f the termination 
sequences associated with these 2nes are also ligated into the 

expression vector 3' of the seqi nee desired to be expressed to 

provide polyadenylat ion of the mRNA and termination. Other 
promoters, which have the addit nal advantage of transcription 
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controlled by growth conditions are the promoter region for alcohol 
dehydrogenase 2, cytochrome C, acid phosphatase , degradative enzymes 
associated with nitrogen metabolism, and the aforementioned 
glycer aldehyde -3 -phosphate dehydrogenase , and enzymes responsible 
for maltose and galactose utilization. Any plasmid vector 
containing a yeast -compatible promoter, origin of replication and 
termination sequences is suitable- 

in addition to microorganisms, cultures of cells derived from 
multicellular organisms may also be used as hosts. In principle, 
any such cell culture is workable, whether from vertebrate or 
invertebrate culture. However, interest has been greatest in 
vertebrate cells, and propagation of vertebrate cells in culture has 
become a routine procedure in recent years . Examples of such useful 
host cell lines are VERO and HeLra cells, Chinese hamster ovary {CHO) 
cell lines, and 8 , BHK, COS r and MDCK cell lines. 

For use in mammalian cells, the control functions on the 
expression vectors are often provided by viral material, For 
example, commonly used promoters are derived from polyoma, 
Adenovirus 2, bovine papilloma virus and most frequently Simian 
Virus 4 0 (SV4 0) . The early and late promoters of SV40 virus are 
particularly useful because both are obtained easily from the virus 
as a fragment which also contains the SV40 viral origin of 
replication. Smaller or larger SV40 fragments may also be used, 
provided there is included the approximately 250 bp sequence 
extending from the Hind III site toward the Bgl I site located in 
the viral origin of replication. 
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Further, it ie also possible , nd often desirable , to utilize 
promoter or control sequences norm — ly associated with the desired 
gene sequence, provided such contr . sequences are compatible with 

the host cell systems - An origin >f replication may be provided 

either by construction of the vecto to include an exogenous origin t 
such as may be derived from SV40 r other viral (e,g*, Polyoma, 
Adeno, BPV) source, or may be provfifed by the host cell chromosomal 
replication mechanism. If the vet — pr is integrated into the host 
cell chromosome, the latter mechai=sm is often sufficient. 

Isolation of a bona fide ^= synthase gene from a highly 
encapsulated strain of Group Strap toco ecus Bqu±sxmil±s . 
The encoded protein, design — ed seHAS, is 417 amino acids 

(calculated molecular weight of 4 .778 and pi of 9.1) and is the 

smallest member of the HAS famil— identified thus far (FIG, 2}. 
seHAS also migrates anomalously ±b=l in SDS-PAGE (M r -42 kDa) (FIGS. 
5 and 8) . 

FIG. 8 is a graphical represei — ation of a Western Blot analysis 
of recombinant seHAS using specif i antibodies. Group C (C; lane l) 
or Group A (A; lane 4) Streptococci membranes and E* coll membranes 
[S mg/lane) containing recombinan seHAS [E; lanes 2, 7, and 9) or 
spHAS (P; lanes 3, 6, 8, and 10) w e fractionated by reducing SDS- 
PAGE and electrctransf erred t— nitrocellulose. Strips of 
nitrocellulose were probed and developed as described in the 
application using purified IgG f LCtions raised to the following 
regions of spHAS: central domain=?eptide e M7 -T 1 * 1 (lanes 1-4) ; C- 
terminus peptide (lanes 5-6) ; the omplete protein (lanes 7 and S) ; 
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recombinant central domain (lanes 9 and 10) . Nonimmune XgG or 
membranes from cells transformed with vector alone gave no staining 
aG in lane 5 . 

The seHAS and spHAS protein (previously identified in U.S. 
Serial No* 08/899,940) encoding sequences are 72% identical. The 
deduced protein sequence of seHAS was confirmed by reactivity with 
a synthetic peptide antibody {FIG. 8) . Recombinant seHAS expressed 
in E. coli was recovered in membranes as a major protein (FIG. 5) 
and synthesized very large molecular weight HA in the presence of 
UDP-GlcNAc and UDP-GlcA in vitro (FIG - 9) * 

FIG. 9 shows a kinetic analysis of the HA size distributions 
produced by seHA5 and spHAS . E, coll membranes containing equal 
amounts o£ seHAS or spHAS protein were incubated at 37*C with 1*35 
mM UDP- [ 14 C] GlcA (1-3 x 1CP dpm/nmol) and 3.0 mM UDP-GlcNAc as 
described in the application. These substrate concentrations are 
greater than 15 times the respective Km valves. Samples taken at 
0,5/ 1-0, and 60 min were treated with SDS and chromatographed over 
Sephacryl S400 HR . The KA profiles in the fractionation range of 
the column (fractions 12*24) are normalized to the percent of total 
HA in each fraction. The values above the arrows in the top panel 
are the MWs (in millions) of HA determined directly in a separate 
experiment using a Dawn multiangle laser light scattering instrument 
(Wyatt Technology Corp.) . The size distributions of HA synthesized 
by seHAS (•,«,*) and spHAS (Q,a_) at 0.5 min (Q,»), 1.0 min (□,■> 
and 60 min ±) are shown as indicated. Analysis showed that seHAS 
and spHAS are essentially identical in the size distribution of HA 
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chains they synthesize (FIG. 9) * Sfe=VS is twice as fast ae spHAS in 
its ability to make KA. 

C»l Bacterial strains and vecors 

The mucoid group C strain D181; Streptococcus equ±B±m±l±G) was 
obtained from the Rockfeller Uni ve=3ity Collection. The coll 
host strains Sure and XLl-Blue MRF' ere from Stratagene and strain 
Topic F' was from Invitrogen. Unles= otherwise noted, Streptococci 
were grown in THY and K. cdIjl straii= were grown in LB medium. pKK- 
223 Expression vector was from Fharr=ia, PCR 2,1 cloning vector V7as 
from Invitrogen, and predigested X S^=p Express TM Bam HI/CIAP Vector 
was from Stratagene. 

C*2 Recombinant DNA and Clon — ig 

High molecular mass Genomic DN — from Streptococcus equlslmllis 
isolated by the method of Caparon a — 1 Scott (as known by those with 
ordinary skill in the art) was part illy digested with Sau3Ai to an 
average si^e of 2-12 kb. The dig :ted DNA was precipitated with 
ethanol, washed and ligated to the til) HI/CIAPX Zap Express vector. 
Ligated DNA was packaged into phr_ge with a Packagene™ extract 
obtained from Promega . The titer the packaged phage library was 
checked using XLl-Blue MRF' E - co= as a host- 
ed 3 Degenerate ECR Amplification 

Degenerate oligonucleotides w~ :e designed based upon conserved 

sequences among spHAS (Streptococci pyogenes) f DG42 (Xenopus laevis 

HAS; 19} and node (a Rhlzoblum ineJI^Loti nodulation factor; 20} and 
were used for PCR amplification wit D181 genomic DNA as a template. 
Amplification conditions were 34 c :les at: 94 C C for 1 min, 44*0 for 
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1 min, 72°C for 1.5 min followed by a final extension at 72°C 
for 10 min. Oligonucleotide KADRF1. 5 1 -GAY MGA YRT YTX ACX AAT 
TAY GCT ATH GAY TTR GG-3 1 (SEQ ID NO: 20; sense strand) 
corresponds to the sequence D 259 RCLTMYAIDL [SEQ ID W0:9; spHAS) . 
Oligonucleotide HACTR1, 5 * -ACG WGT WCC CCA NTC XGY ATT TTT NAD 
XGT RCA-3' (SEQ ID N0:21; antisense strand} corresponds to the 
region C 404 TIKNTEWGTR (SEQ ID NO: 10? spHAS) - The degeneracy of 
bases at some positions are represented by nomenclature adopted 
by the TUPAC in its codes for degenerate bases listed in Table 







TABLE IV 


IUPAC 


Codes - Degenerate Bases 


The International Union 


for Pure and Applied Chemistry 


(IUPAC) has established 


a standard single- letter designation 


for degenerate bases 


These are: 


B 




C+G+T 


D 




A+G+T 


H 




A+C+T 


K 




T+G 


M. 




A+C 


N 




A+C+G+T 


R 




A+G 


S 




G+C 


W 




A+T 


V 




A+C+G 


X 




a minor bases (specified elsewhere) 


1 Y 




C+T 



These two oligonucleotides gave a 459 bp PCR product, which was 
separated on an agarose gel and purified using the BIO-101 
Geneclean kit- This fragment was then cloned into PCR2 . 1 vector 
using TOP 10 F* cells as a host according to the inanuf acturer 1 s 
directions. Double stranded plasmid DNA was purified from E . 
noli (Top 10 F 1 ) using the QIAfilter Plasmid Midi Kit (Qiagen) . 
Two other degenerate 
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sense primers were also synthesizes HAVAF1, 5 1 -GTN GCT GCT GTW 
RTX CCW WSX TWT AAY GAR GA-3 1 < SE ID NO: 22, corresponding to 
the region V^AAVIPSYNE {SEQ ID NO: .) of spHAS) and HAVDF1, 5'- 
GTX RWT GAY GGN WSX WSN RAX GAT GJ= GC-3 1 (SEQ ID NO: 23, based 
on V I0O DDGSSNTD (SEQ ID NO: 12) of e=HAS ) . Two unique ant i sense 
primers were synthesized based on 1 — B sequence of the 459 bp PCR 
product. These were: D181.2, S'-O, GGA CTT GTT CCA GCG GT-3 ' 
(SEQ ID NO: 13) and D181.4, 5 ' -TGA ^2 TTC CGA CAC AGG GC-3' (SEQ 
ID NO: 14) . Each of the two degene— ite sense primers, when used 
with either D181.2 or D181.4 to ai— lify D181 genomic DNA, gave 
expected size PCR products. The fiir PCR products were cloned 

and sequenced using the same stra *gy as above. For each PCR 

product, sequences obtained froi — six different clones were 
compared in order to derive a c lsensus sequence. Thus we 
obtained a 10 42 bp sequence wi tl — a continuous ORK with high 
homology to spHAS. 

C * 4 Library Screening 

Two molecular probes were us«™. to screen the library; the 
cloned 439 bp PCR product and ligonucl eo tide D181.5 (5 r - 
GCTTGATAGGTCACCAGTGTCACG-3 ' (SEQ D NO: 15); derived from the 
1042 bp sequence) . The 459 bp :r produce was radiolabeled 
using the Prime-it 11 random prii — r labeling Kit (Stratagene) 
according to the manufacturers in auctions . Oligonucleotides 
were labeled by Kinace-lt Kina .ng Kit (Gtratagene) using 
[y 32 p]ATP- Radiolabeled products i re separated from noniabeled 

material on NucTrap Push columns Stratagene) . The oligoprobe 
hybridized specifically with a D2 L genomic digest on Southern 

blots. To screen the X phage libr — ry, XLBLUE MRF 1 was used as a 
host (3000 plaques/plate} on 

74 



SUBSTITUTE SKET (RULE 26) 



WO 99/23227 



PCT/US98/23153 



Nitrocellulose membranes containing adsorbed phage, were 
prehybiridized at 60°C and hybridized with 5 1 -end labeled 
oligonucleotide, D181.5, in QuikHyb Hybridisation solution 
(Stratagene) at 80 D C according to instructions. 

The membranes were then washed with 2x SSC buffer and 0*1% 
(w/v) SDS at room temperature for 15 min, at 60°C with (Klx SSC 
buffer and 0.1% SDS (w/v) for 30 min, dried and then exposed to 
Bio-Max MS film overnight at -70°C, Positive plaques were 
replated and rescreened twice. Pure positive phages were saved 
in SM buffer with chloroform. PGR on these phages with vector 
primers revealed 3 different insert sizes. 

PGR with a combination of vector primers and primers from 
different regions of the cloned 1042 bp sequence revealed that 
only one of the three different phages had the complete HAS 
gene. The insert size ir. this phage was 6,5 kb , Attempts to 
subclone the insert into plasmid form by autoexcision from the 
selected phage library clone failed. Therefore, a PCK strategy 
was applied again on the pure positive phage DNA to obtain the 
5 r and 3' end of the ORF . oligonucleotide primers D181.3 (5'- 
GCCCTGTGTCGGAACATTCA-3 ' [SEQ in N0:16)) and T3 (vector primer) 
amplified a 3kb product and oligonucleotides D181.5 and T7 
(vector primer) amplified a 2.5 kb product. The 5' and 3 '-end 
sequences of the ORF were obtained by sequencing these two above 
products. Analysis of all PCR product sec^uences allowed us to 
reconstruct the ORF of the 1254 bp seHAS gene. 
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C.5 Expression cloning of she seHAS 

Primers were designed at the tart and stop codon regions 
of seHAS to contain an EcoRl re — :riction site in the sense 
oligonucleotide ( 5 * -AGGATCCGAATTC^^AGAACATTAAAAAACCTC-3 1 { SEQ 
ID NO:17)) and a Pstl site in the aa:isense oligonucleotide (5 r - 
AG AATTC TGC AG TTATAATAATTTTTT ACGT GT ■ * { SEQ ID N0:18)). These 
primers amplified a 1.2 kb PCR pro^ct from D181 genomic DNA as 
■well as from pure hybridization-— >sitive phage. The 1.2 kb 
product was purified by agarose <m electrophoresis , digested 
with Pstl and EcoRl and cloned Lirectionally into Pstl-and 
EcoRl -digested pKK223 vector. The ligated vector was 
transformed into E . coli SURE ce that were then grown at 

30°C. This step was practicall^important since other host 
cells or higher temperatures resulted in deletions of the cloned 
insert. Colonies were isolated anc=their pDNA purified- Out of 
six colonies (named a,b,c,d,e, and ), five had the correct size 
insert, while one had no insert. 

C.6 HA Synthase Activity 

HA synthase activity was assa — d in membranes prepared from 
the 5 above clones. Fresh log p ise cells were harvested at 

3 000g, washed at 4 Q C with PBS and nembranes were isolated by a 

modification of a protoplast m«hod as known by those of 
ordinary skill in the art. embrane preparations from 

Streptococcus pyogenes and Streptococcus ecpjisimilis were also 
obtained by modification of a di— erent protoplast procedure. 
Membranes were incubated at 37°C l 50 mM sodium and potassium 
phosphate, pH 7,0 with 2C mM MgC~, 1 mM DTK , 120 uM UDP-GlcA 

and 300 uM UDP-GlcNAc . Iricorporat m of sugar 
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was monitored by using UDP- £ M ClGlcA (318 mci/mmol; ICN) and/or UDP- - 
[*H] GlcHAc (29.2 Ci/mmol NEN} . Reactions were terminated by addition 
of SDS to a final concentration of 2% (w/v) . Product HA was 
separated from precursors by descending paper chromatography and 
measured by determining incorporated radioactivity at the origin. 
C,7 Gel Filtration Analysis 

Radiolabeled HA produced in vitro by membranes containing 
recombinant seHAS or spHAS was analyzed by chromatography on a 
column (0.9 x 40 cm} of Sephacryl S500 HR (Pharmacia Biotech Inc.) . 
Samples (0.4 ml in 200 mM NaCl # SraM Tris-HCl, pH 8-0 r plus 0.5% SDS) 
were eluted with 200 mM, NaCl , 5 mM Tris-HCL, and pH 8.0 and 0 . B ml 
fractions were assessed for 14 C and/or radioactivity. 
Authenticity of the HA polysaccharide was assessed by treatment of 
a separate identical sample With the KA-specific hyaluronate lyase 
of Strep tomyces hyalurolyticus (EC 4.2,2.1) at 37°C for 3 hrs. The 
digest was then subjected to gel filtration. 
C*8 SDS -PAGE and Western Blotting 

SDS -PAGE was performed according to the Liaemmli method, 
Electrotransfers to nitrocellulose were performed within standard 
blotting buffer with 20% methanol ueing a Bio-Rad mini Transblot 
device. The blots were blocked with 2% BSA in TBS. Protein A/G 
alkaline phosphatase conjugate (Pierce) and p-nitiroblue 
tetrazolium/5 -bromo-4 -chloro- 3 indolyl phosphate p-toLuidine salt 
were used for detection. 
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C.9 DNA Sequence and Analysis 

Plasmids were sequenced on t=:h strands using fluorescent 
labeled vector primers, Sequencing — reactions were performed using 
a Thermos equenase™ kit for fluorescent labeled primers (with 7- 
deazaG) . Samples were electrophor=ed on a Pharmacia ALF Express 
DNA Sequencer and data were analyz=t by the ALF Manager Software 
v3 . 02 . Internal regions of insert were sequenced with internal 
primers using the ABI Prism 377 (Sof /are version 2.1.1} , Ambiguous 
regions were sequenced manually u=-ng Sequenase™ 7-deaza - DNA 
polymerase, 7-deaza GTP master mix JSB) and [at-**S] dATP {Amersham 
I*if e Sciences) . The sequences obt^sied were compiled and analyzed 
using DNASIS, v2 . 1 (Hitachi Softwa l Engineering Co., Ltd.;, The 
nucleotide and amino acid sequei=es were compared with other 
sequences in the Genbank and othei — iatabases . 
CIO Identification of seHA^= 

Identification of seKAS was =complished by utilizing a PGR 
approach with oligonucleotide prin — cs based on several regions of 
high identity among spHAS, DG42 in — r known to be a developmental ly 
regulated X. JLaevis HAS and designc==:d xlHAS) and Node (a Rhizobium 
B-GlcNAc transferase) . The x LAS and Node proteins are, 

respectively, , -50% and -10% iden cal to spHAS . This strategy 
yielded a 459 bp PCR product whose sequence was €6.4% identical to 
epKASy indicating that a Group C ■mologue (seHAS) of the Group A 
(spHAS) HA synthase gene had been ientified. The complete coding 
region of the gene was then reconstructed using a similar PCR-based 
strategy. A final set of PCR printers was then used to amplify the 
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complete ORP from genomic DNA, When this 1.2 kb PCR fragment was 
incorporated into the expression vector pKK223 and transformed into 
E+ coli SURE cells, HA synthetic activity was demonstrated in 
isolated membranes from 5 of the 5 colonies tested. 

The ORP of the reconstructed gene encodes a novel predicted 
protein of 417 amino acids that was not in the database and it is 
two amino acids shorter than spHAS . The two bacterial proteins are 
72% identical and the nucleic acid sequences are 70% identical. The 
predicted molecular weight of the seHAS protein is 47,778 and the 
predicted isoelectric point is at pH 9.1, Three recently identified 
mammalian HASs (muHASl, muHAS2, muHAS3 , FIG. 2) are similar to the 
bacterial proteins . The overall identity between the two groups is 
-2 8-31% , and in addition many amino acids in seHAS are highly 
conserved with those of the eukaryotic HASs (e.g. K/R or D/E 
substitutions) . A96R, the PBCY-1 HAS is 28-3 3 percent identical to 
the mammalian HASs, and is predicted to have a similar topology in 
the lipid membrane. Within mammalian species the same family 
members are almost: completely identical <e*g. muHASl and huHASl are 
95% identical; muHAS2 and huHAS2 are 98£ identical) . However, and 
ae shown in FIG. 3, even within the same species the different HAS 
family members are more divergent (e.g. muHASl and muHAS2 are 53% 
identical; muHASl and muHAS3 are 57% identical; muHAS2 and muHA£3 
are 71% identical) . 

FIG - 10 shows hydropathy plots for seHAS and predicted membrane 
topology. The hydrophilicity plot for the Streptococcal Group C HAS 
was generated by the method of Kyte and Doolittle [J. Mol . Biol, 
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157, 105, 19 82) using DNAsxs . The fotein is predicted to be an 
integral membrane protein. 

FIG * 11 shows a model for the t — .ologic organization of seHAS 
in the membrane. The proposed topolczy for the protein conforms to 
the charge-in rule and puts the larg— central domain inside. This 
domain is likely to contain most : the substrate binding and 
catalytic functions of the enzyme Cys 2 " in seHAS, which is 
conserved in all HAS family members as well as the other three 
cysteines are shown in the central lomain. Cye* B1 is a critical 

residue whose alteration can a imatically alter the size 

distribution of HA product synthesi ;d by the enzyme. 

The overall membrane topology p ;dicted for seHAS is identical 
to that for spHAS and the eukaryoti HASs reported thus far. The 
protein has two putative transmembrawi domains at the amino terminus 
and 2-3 membrane -associated or transi — mbrane domains at the carboxyl 
end. The hydropathy plots for the wo Streptococcal enzymes are 
virtually identical and illustrate difficulty in predicting the 

topology of the extremely hydrophobia region of residues at K 113 - 

R 4 ° fi in seHAS (K 3i3 -K € " in spHAS) . 

seHAS was efficiently expresse — in E. coli cells. Roughly 10% 
of the total membrane protein was s [AS as assessed by staining of 
SDS-PAGE gels (FIG. 5). The proi — nent seHAS band at 42 JtD is 
quantitatively missing in the ve=or-only control lane. This 
unusually high level of expression or a membrane protein is also 

found for spHAS , using the same ve< >r in SURE ceils. About S% of 

the membrane protein is spHAS in E zroli SURE cells. In contrast, 
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the amount of eeHAS in Group C membranes ie not more than 1% of the 
total membrane protein . The spHAS in Group A membranes is barely 
detectable. The recombinant eeHAS expressed in coll SURE celle 
does not synthesize HA in vivo, since these cells lack UDP-GlcA, one 
of the required substrates. Membranes, however containing the 
recombinant seHAS protein synthesize HA when provided with the 
substrates UDP-GlcNAc and UBP-GlcA (FIG. 12) . 

FIG* 12 shows the synthesis of authentic HA by recombinant 
seHAS . H* calx membranes (69 ng) prepare from cells containing 
recombinant eeHAS or vector alone were incubated at 37 °C for l hour 
with 70 0 TOP- [^HlGlcNAc {2.78 X 10 3 dpm/nmol; ■) and 300 UDP- 
[ 14 C]GlcA (3.83 x 10 3 dpm/nmol; 0,#) in a final volume of 200 pi as 
described herein. The enzyme reaction was stopped by addition of 
EDTA to a final concentration of 25 mM. Half the reaction mix was 
treated with Streptomyces hyaluronidaee at 37°C for 3 hours. SDS 
(2%, w/v) was added to hyaluronidase- treated (0,0) and untreated 
(•,») samples, which were heated at 90°C for 1 min. The samples 
were diluted to 500 }il with column buffer (5 mM Tris, 0.2 M Nacl, pH 
8*0), clarified by centrif ugat ion and 200 fxl was injected onto a 
Sephacryl S-50 0 HR column. Fractions (1 ml) were collected and 
radioactivity was determined. BD is the peak elution position 
position of blue dextran (-2 x 10 £ DA,- Pharmacia) . V Q marks the 
excluded volume and V L the included volume. The ratio of [ 14 c] GlcA; 
[ 3 K1 GlcNAc incorporated into the total amount of KA fractionated on 
the column is 1.4, which is identical to the ratio of specific 
activities of the two substrates. Therefore, the molar ratios, of 

01 



SUBSTITUTE SHEET (RULE 26) 



WO 99/23227 



PCT/US98/23153 



the sugars incorporated into proact is 1:1 as predicted for 
authentic HA. Membranes from eel li^^zr axis formed with vector alone 
did not synthesize HA, 

Using 120 fiM UDP-GlcA and 3 00 I UDP-GlcNAc, HA synthesis was 

linear with membrane protein (at s;0 ! jig) and for at least l hour* 
Also, membranes prepared from n — ttrane formed cells or cells 
transformed with vector alone have > detectable HAS activity, HA 

synthesis is negligible if Mg +2 a chelated with EDTA (<5* of 

control) or if either of the two tbst rates are omitted {-2% of 
control) , Recombinant seHAS also mmoved the expected specificity 

for sugar nucleotide substrates, bei j unable to copolymerize either 

UDF-GalA, UDP-Glc or UDP-GalNAc i — th either of the two normal 
substrates (Table II) * 

Based on gel filtration analy — :s, the average mass of the HA 
synthesized by seHAS in isolated Mnbranee is 5-10xl0 6 Da, The 
product of the recombinant seHAS is=udged to be authentic HA based 
on the eguimolar incorporation of bc^i sugars and its sensitivity to 
degradation by the specific £ti*ept=nyces hyaluronidase (FIG, 12} - 

Although the conditions for total 3A synthesis were not optimal 

(since -90% of one substrate was lcorporated into product) , the 
enzyme produced a broad distribution of HA chain lengths. The peak 
fraction corresponds to an HA mass f 7-bxlO* Da which is a polymer 
containing approximately 36,000 niOMmeric sugars. The distribution 
of HA sizes resolved on this colui= ranged from 2-2Qxl0 6 Da. 

The deduced protein sequenc*=of seHAS was confirmed by the 
ability of antibodies to the spHASrotein to cross-react with the 
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Group C protein {FIG. 8) . Polyclonal antibodies to the whole epHAS - 
protein or to just the central domain of spHAS also reacted with the 
seHAS protein. Antipeptide antibody to the O terminus of spHAS did 
not cross -react with this somewhat divergent region in the seHAS 
protein. However, antipeptide antibody directed against the spHAS 
sequence e 147 -T* 61 recognized the same predicted sequence in seHAS. 
The antipeptide antibody also reacts with the native seHAS and spHAS 
proteins in Streptococcal membranes and confirms that the native and 
recombinant enzymes from both species are of identical size. Like 
the spHAS protein , seHAS migrates anomalously fast on SDS-PAGE. 
Although the calculated mass is 47,778 Da, the M r by SDS-PAGE is 
consistently -42 kDa . 

Because of the sequence identity within their central domain 
regions and the overall identical structure predicted for the two 
bacterial enzymes, the peptide -specific antibody against the region 
E 147 -T l<1 can be used to normalize for HAS protein expression in 
membranes prepared from cells transformed with genes for the two 
different enzymes. Using this approach, membranes with essentially 
identical amounts of recombinant spHAS or seHAS were compared with 
respect to the initial rate of HA synthesis and the distribution of 
HA product size. 

As shown for spHAS , the synthesis of HA Chains by seHAS is 
processive* The enzymes appear to stay associated with a growing HA 
chain until it is released as a final product* Therefore, it is 
possible to compare the rates of HA elongation by seHAS and spHAS by 
monitoring the size distribution of HA chains produced at early 
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times, during the first round of H chain synthesis. Based on gel 

filtration analysis of HA produce sizes at various times, we 
estimated that the average rate el — Lgation by seHAS is about 9,000 
mono saccharides /minute at 37°C (E. 9) . In five minutes, the 
enzymes can polymerize an HA chain f 5- 10x10* Da, During a 6 0 min 
incubation, therefore, each enzw molecule could potentially 
initiate, complete and release on .he order of 5 -a such large HA 
molecules* At early times (e.g. £ min) , reflecting elongation of 
the first HA chains, the size dist .bution of HA produced by seHAS 
was shifted to larger species comp ed to spHAS . By 60 min the two 
distributions of HA product sizes re indistinguishable. 

The cloned seHAS represents t~ authentic Group C HA synthase. 
Previously reported or disclosed "=oup C" proteins are, therefore, 
not the true Group C HAS , The sel*K protein is homologous to nine 
of the currently known HA synthase=f rom bacteria, vertebrates, and 
a virus that now comprise this ra; — ily growing HA synthase family. 
This homology is shown particulax^;/ in FIG . 2 . In mammals three 
genes, designated HAS 1, HAS 2 an<rrHAS 3, have been identified and 
mapped to three different chromos=es in both human and mouse. In 

amphibians the only HAS protei identified thus far is the 

developmentally regulated DG42 , *hich was cloned in 1968 and 
recently shown to encode the HA sy=hase activity by analysis of the 
recombinant protein in yeast mcnt^Lnes. Probably other X. laevus 
HAS genes will soon be identified 

A divergent evolution model s jgeste that a primitive bacterial 
HAS precursor may have been i lrped early during vertebrate 
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development or the bacterial pathogenic strategy of making an HA 
capsule was developed when a primitive bacteria captured in 
primordial HAS. Convergent evolution of the bacterial and 
eukaryotic HAS enzymes to a common structural solution seems 
unlikely, but may have occurred. 

None of the three mammalian isozymes for HAS have yet been 
characterized enzymatically with respect to their HA product size. 
At least ten identified HAS proteins are predicted to be membrane 
proteins with a similar topology, HA synthesis occurs at the plasma 
membrane and the HA is either shed into the medium or remains cell 
associated to form the bacterial capsule or a eukaryotic 
pericellular coat. The sugar nucleotide substrates in the cytoplasm 
are utilized to assemble HA chains that are extruded through the 
membrane to the external space. 

The protein topology in the very hydrophobic carboxyl portion 
of the HAS protein appears to be critical in understanding how the 
enzymes extend the growing HA chain as it is simultaneously extruded 
through the membrane. For example, the unprecedented enzymatic 
activity may require unusual and complex interactions of the protein 
with the lipid bilayer. Preliminary results based on analysis of 
spHAS- alkaline phosphatase fusion proteins indicate that the amino 
and carboxyl termini and the large central domains are all 
intracellular, as shown in FIGS. 10 and 11, The seKAS protein also 
contains a large central domain (-53% of the total protein) that 
appears to contain the two substrate binding sites and the two 
glycosyltransf erase activities needed for HA synthesis. Although 
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current software programs cannot iliably predict the number or . 
nature of membrane -associated dom^=is within the long c- terminal 
hydrophobic stretch, the proposed opological arrangement agrees 
with the present evidence and app— .es as well to the eukaryotic 
enzymes, which are -40% larger prxTi^rily due to extent ion of the O 
terminal end of the protein Lth 2 additional predicted 
t ran smemb rane doma in s > 

Four of the six Cys residues irr-?pHAS are conserved with seHAs. 
Only Cys22£ in both bacterial enzym i is conserved in all members of 
the HAS family. Since sulfhydry— reactive agents , such as p- 
mercurobenzoate or ITEM , greatly in bit HAS activity, it is likely 
that this conserved Cys is nece=sary or important for enzyme 
activity- Initial results from si — -directed mutagenesis studies, 
however , indicate that a C225S mut it of spHAS is not inactive, it 
retains 5-10% of wildtype activity — 

The recognition of nucleic ac~ sequences encoding only seHAS, 
only spHAS , or both seHAS and epHA£E£3sing specific oligonucleotides 
is shown in FIG. 13. Thn^ pairs of sense -antisense 

oligonucleotides were designed basd on the sequence of ID SEQ NO- 
1 and the coding sequence for spH2=- The seHAS based nucleic acid 
segments (sei-se2 and sespl-sesp2) tre indicated in FIG. 14, These 
three oligonucleotide pairs wer— hybridized under typical PGR 

reactions with genomic DNA from ei ler Group C <seHAS) i lanes 2, 4, 

and G) or Group A (spHAS) (lanes ~S , and 7) streptococci. Lanes 1 
and 8 indicate the positions of MW tandards in kb {kilobases) . The 
PGR reactions were performed using ag DNA polymerase (from Promega) 
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for 25 cycles as follows: 94 degrees Celsius for 1 minute to achieve 
DN& denaturation, 4 a degrees Celsius (42 degrees Celsius for the 
smaller common sesp primers) for 1 minute to allow hybridization, 
and 72 degrees Celsius for 1.5 minutes for DKA synthesis. The PGR 
reaction mixtures were then separated by electrophoresis on a 1% 
agarose gel . 

The sel-se2 primer pair was designed to be uniquely specific 
for the Group C HAS (seHAS) . The spl-sp2 primer pair was designed 
to be uniquely specific for the Group A HAS (spHAS) . The sespl- 
sesp2 primer pair was designed to hybridize to both the Group A and 
Group C HAS nucleic acid sequences. All three primer pairs behaved 
as expected, showing the appropriate ability to cross -hybridize and 
support the generation of PCR products that were specific and/or 
unique . 

The oligonucleotides used for specific PCR or hybridization are 
shown in FIG. 14. The synthetic oligonucleotides of SEQ ID NOS : 3, 
4, 5, and e are indicated in the corresponding regions of SEQ ID NO, 
1. These regions are in bold face and marked, respectively as 
primers eel, se2, sespl, and sesp2 . The #1 indicates primers in the 
sense direction, while the #2 indicates a primer in the antisense 
direction. Each of the four oligonucleotides will hybridise 
specifically with the seHAS sequence and the appropriate pairs of 

sense/antisense primers are suitable for use in the polymerase chain 

reaction as shown in FIG, 13. 

FIG. 7 shows a gel filtration analysis of hyaluronic acid 

synthesized by recombinant HftS expressed in yeast membranes. A DNA 
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fragment encoding the open reading rame of 419 amino acid residues 
corresponding to spHAS (with the ordinal Val codon switched to Met) 
was subcloned by standard methods in the pYES2 yeast expression 
vector {from Invitrogen) to producer pYES/HA . Membranes from cells 
with this construct were preparedSby agitation with glass beads. 
The samples derived from p YES /HA co structs contained substantial HA 
synthase activity and the "42 3cl~" HAS protein was detected by 
Western analysis using specific stibodies; membranes from cells 
with vector alone possessed neithe — activity nor the immunor eact ive 
band (not shown) . Membranes (315 g protein) were first incubated 
with carrier free UDP- [ 14 c] GlcA (l Ci 14 C) amd 900 uM unlabeled UDP- 
GlcNAc in 50 mM Tris, pH 7, 2 0 ntiCT4gC12 , ImM DTT f and 0.05 H NaCl 
(450 ul reaction volume) at 3 0 < — grees Celsius for 1.5 minutes. 
After this pulse- label period n< — radiolabeled UDP-GlcA was then 
added to final concentrations of 300 uM. Samples (100 uL) were 
taken after the pulse at 1.5 m— (dark circle), and IS (black 
square), and 45 (black triangle min after the *chase." The 
reactions were terminated by the idition of SDS to 2% and heating 
at 95 degrees Celsius for l min The samples were clarified by 
centrifugation (10,000 x g, 5 mil— before injection of half of the 
sample onto a Sephacryl S-S0OHR g= filtration column (Pharmacia; 1 
x 50 cm) equilibrated in 0-2 M N !1 , 5 mM Tris, pH 8. 

The column was eluted at 0 , ml /min and radioactivity in the 
fractions (1 ml) was quant itated=>y liquid scintillation counting 
after adding BioSafell cocktail .5 ml, Research Products Intl-) . 
The void volume and the totally ncluded volumes were at elution 

i 



SUBSTITUTE £=EET (RULE 26) 



WO 99/23227 



PCTYUS98/23153 



volumes of 14 ml and 35.5 ml, respectively. The peak of blue 
dextran (average 2x10 6 Da) eluted at 25-27 ml. The recombinant HAS 
expressed in the eukaryatic yeast cells makes high molecular weight 
hyaluronic acid in vitro. 

Thus it should be apparent that there has been provided in 
accordance with the present invention a purified nucleic acid 
segment having a coding region encoding enzymatically active HAS, 
methods of producing hyaluronic acid from the seHAS gene, and the 
use of hyaluronic acid produced from a HAS encoded by the seHAS 
gene, that fully satisfies the objectives and advantages set forth 
above. Although the invention has been described in conjunction 
with specific embodiments thereof, it is evident that many 
alternatives, modifications, and variations will be apparent to 
those skilled in the art. Accordingly, it is intended to embrace 
all such alternatives, modifications, and variations that fall 
within the spirit and broad scope of the appended claims. 
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Claims 

What we claim is: 

1, A purified nucleic acid segm^b comprising a coding region 
encoding enzymatically active hyaluro ite synthase, 

2. The purified nucleic acid se=aent of claim 1, wherein the 
purified nucleic acid segment encodes — te Streptococcus equlslmllls 
hyaluronate synthase of SEQ ID ND;2* 

3* The purified nucleic acid sonent of claim 1, wherein the 
purified nucleic acid segment compri is a nucleotide sequence in 
accordance with SEQ ID HO:l. 

4 . A purified nucleic acid ssnent having a coding region 
encoding enzymatically active hyalu — >nate synthase f wherein the 
purified nucleic acid segment is c=able of hybridizing to the 
nucleotide sequence of SEQ ID NO;l* 

5 . A purified nucleic acid e^ment having a coding region 
encoding enzymatically active hyalaz^snate synthase, wherein the 
purified nucleic acid segment has sesconservative or conservative 
amino codon acid changes when compare=to the nucleotide sequence of 

5 SEQ ID N0:1, 

6. A recombinant vector sele :ed from the group consisting 
of a. plaemid, cosmid, phage, or ,rus vector and wherein the 
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recombinant vector further compriees a purified nucleic acid segment, 
having a coding region encoding enzymatically active hyaluronan 
synthase , 

7. The recombinant vector of claim 5, wherein the purified 
nucleic acid segment encodes the Streptococcus equlsimilis 
hyaluronan synthase of £EQ ID N0:2. 

8 . The recombinant vector of claim 6 1 wherein the purified 
nucleic acid segment comprises a nucleotide sequence in accordance 
With SEQ ID NO:l, 

9. The recombinant vector of claim 6 1 wherein the piastnid 
further comprises an expression vector. 

10. The recombinant vector o£ claim 9, wherein the expression 
vector comprises a promoter opera tively linked to the enzyraat ically 
active Streptococcus equi&imilis hyaluronan synthase coding region- 

11. A recombinant host cell, wherein the recombinant host cell 
is a prokaryotic cell transformed with a recombinant vector 
comprising a purified nucleic acid segment having a coding region 
encoding enzymatically active hyaluronan synthase. 
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12. The recombinant host cs^_ of claim 11, wherein the 
purified nucleic acid segment encode the 5treptococcue eqaisxmilis 
hyaluronan synthase of SEQ ID NO : 2 

13 - The recombinant host eel of claim 11, wherein the 
purified nucleic acid segment comE^-.ses a nucleotide sequence in 
accordance with SEQ ID NG:1. 

14. The recombinant host cellZof claim 13, wherein the host 
cell produces hyaluronic acid. 

15. The recombinant host eel of claim 11, wherein the 
enzymatically active hyaluronan syi — hase is capable of producing a 
hyaluronic acid polymer having a m Lified structure. 

16- The recombinant host c 1 of claim 11, wherein the 
enzymatically active hyaluronan sy=hase is capable of producing a 
hyaluronic acid polymer having a n — iified size distribution. 

17. A recombinant host cell, - — lerein the recombinant host cell 
is a eukaryotic cell transfect I with a recombinant vector 
comprising a purified nucleic acic=segment having a coding region 
encoding enzymat ically active hyaluronan synthase . 
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18 . The recombinant host call of claim 17, wherein the 
purified nucleic acid segment encodes the Streptococcus cqaielmllis 
hyaluronan synthase of SEQ ID K0:2. 

10. The recombinant host cell of claim 17, wherein the 
purified nucleic acid segment comprises a nucleotide sequence in 
accordance with SEQ ID N0;1, 

20. The recombinant host cell of claim 19, wherein the host 
cell produces hyaluronic acid. 

21* The recombinant host cell of claim 17, wherein the 
enzymatically active hyaluronan synthase is capable of producing a 
hyaluronic acid polymer having a modified structure. 

22, The recombinant host cell of claim 17 , wherein the 
enzymatically active hyaluronan synthase is capable of producing a 
hyaluronic acid polymer having a modified size distribution. 

23* K recombinant host cell, wherein the recombinant host cell 
is elect roporated to introduce a recombinant vector into the 
recombinant host cell, wherein the recombinant vector comprises a 
purified nucleic acid segment having a coding region encoding 
enzymatically active hyaluronan synthase . 
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24, The recombinant host cefl of claim 23 , wherein the 
purified nucleic acid segment: encode^=:he Streptococcus Gquieluillls 
hyaluronan synthase of SEQ ID NO: 2. 



25, The recombinant host ee~ of claim 23, wherein the 
purified nucleic acid segment comprises a nucleotide sequence in 
accordance with SEQ ID N0±l. 



26. The recombinant host cell \± claim 25, wherein the host 
cell produces hyaluronic acid. 



27. The recombinant host ce of claim 23, wherein the 
enzymatically active hyalurouan eyn"taee is capable of producing a 
hyaluronic acid polymer having a mo=Lfied structure. 



28. The recombinant host ce=. of claim 23 , wherein the 
enzymatically active streptococcus ^uisiinilxs hyaluronan synthase 
is capable of producing a hyaluroni^^c id polymer having a modified 
size distribution . 



29. A recombinant host cell, w 
is transduced with a recombinant 
nucleic acid segment having a codin 
active Streptococcus ecp^isimillG tr 



5 re in the recombinant host cell 
sector comprising a purified 
i region encoding enzymatically 
.luronan synthase . 
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30. The recombinant host cell of claim 29 , wherein the 
purified nucleic acid segment encodes the Streptococcus equisxmilis 
hyaluronan synthase of SEQ ID NQ:2. 

31. The recombinant host cell of claim 29, wherein the 
purified nucleic acid segment comprises a nucleotide sequence in 
accordance with SEQ ID KO:l. 

32. The recombinant host cell of claim 31, wherein the host 
cell produces hyaluronic acid. 

33. The recombinant host cell of claim 29, wherein the 
enzymatically active hyaluronan synthase ie capable of producing a 
hyaluronic acid polymer having a modified structure, 

34. The recombinant host cell o£ claim 29, wherein the 
ensymatically active hyaluronan synthase is capable of producing a 
hyaluronic acid polymer having a modified size distribution. 

35. A purified composition, wherein the purified composition 
comprises an ensymatically active hyaluronan synthase polypeptide. 

36. A purified composition, wherein the purified composition 
comprises a polypeptide having an amino acid sequence in accordance 
With SEQ ID HO: 2 . 
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37 . A method for detecting a DC species, comprising the eteps * 

of : 

obtaining a DNA sample; 

contacting the DNA ©ample with purified nucleic acid segment 

in accordance with SEQ I3ZZSO;l; 
hybridizing the DNA sample the purified nucleic acid 

segment thereby forming ^lybridized complex? and 
detecting the complex. 

38. A method for detecting a bacterial cell that expresses 

ntRNA encoding Streptococcus egu. — imXIXs hyaluronan synthase, 
comprising the steps of; 

obtaining a bacterial cell sac=le; 

contacting at least one nuclei acid from the bacterial cell 

sample with purified nuc"ic acid segment in accordance 

With SEQ ID N0:1; 
hybridizing the at least one tucleic acid and the purified 

nucleic acid segment there/ forming a hybridized complex; 

and 

detecting the hybridized ccmp^x, wherein the presence of the 
hybridized complex is \i — 1 cat ive of a bacterial strain 
that expresses mRNA enc— ling Streptococcus equisimills 
hyaluronan synthase . 
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39. A method for producing hyaluronic acid, comprising the 
steps of; 

introducing a purified nucleic acid segment having a coding 
region encoding enzymatically active hyaluronan synthase 
into a host organism, wherein the host organism contains 
nucleic acid segments encoding enzymes which produce UDP- 
GlcNAc and UDP-GlcA; 

growing the host organism in a medium to secrete hyaluronic 
acid; and 

recovering the secreted hyaluronic acid- 

40- The method according to claim 39, wherein the step of 
recovering the hyaluronic acid comprises extracting the secreted 
hyaluronic acid from the medium. 

41, The method according to claim 40, further comprising the 
step of purifying the extracted hyaluronic acid. 

42, The method according to claim 39, wherein in the step of 
growing the host organism, the hast organism secretes a structurally 
modified hyaluronic acid, 

43, The method according to claim 39, wherein in the step of 
growing the host organism, the host organism secretes a hyaluronic 
acid having a modified size. 
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44* A pharmaceutical composi Lon comprising a preselected 
pharmaceutical drug and an effect— e amount of hyaluronic acid 
produced by hyaluronan synthase . 

45. The pharmaceutical composition of claim 44 , wherein the 
hyaluronic acid is produced by le Streptococcus equlslmllis 
hyaluronan synthase of SEQ ID NO: 2 — 

46* The pharmaceutical competition according to claim 44, 
wherein the molecular weight of tl hyaluronic acid is modified 
thereby producing a modified rao -icular weight pharmaceutical 
composition capable of evading an =mune response. 

47- The pharmaceutical competition according to claim 44 r 
wherein the molecular weight of t ^ hyaluronic acid is modified 
thereby producing a modified mc^cular weight pharmaceutical 
composition capable of targeting specific tissue or cell type 
within the patient having an affic=ty for the modified molecular 
weight pharmaceutical composition. 

48 . A purified and isolated Lucleic acid sequence encoding 
enzymatically active hyaluronan syi~ hase, the nucleic acid sequence 
selected from the group consist incrrjof ; 

(a) the nucleic acid sequenc in accordance with SEQ ID NO:l; 
{h) complementary nucleic a< — i sequences to the nucleic acid 
sequence in accordance — th SEQ ID NO : 1 ; 
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(c) nucleic acid sequences which will hybridise to the nucleic 
acid in accordance with SEQ ID N0:1; 

(d) nucleic acid sequences which will hybridize to the 
complementary nucleic acid sequences of SEQ ID NO:l,- and 

(e) nucleic acid sequences which will hybridize to PGR probes 
selected from the group consisting of PCR probes of SEQ 
ID KO:3, SEQ ID NO : 4 , SEQ ID NO: 5, SEQ IB N0:$, 

49* A purified and isolated nucleic acid segment consisting 
essentially of a nucleic acid segment encoding enzymatically active 
hyaluronan synthase . 

50. A procaryotic or eucaryotic host cell transformed or 
transf ected with an isolated nucleic acid segment according to claim 
1, 2, or 3 in a manner allowing the host cell to express hyaluronic 
acid - 

51. An isolated nucleic acid segment consisting essentially 
of a nucleic acid segment encoding hyaluronan synthaBe having a 
nucleic acid segment sufficiently duplicative of the nucleic acid 
segment in accordance of SEQ ID HO:l to allow possession of the 
biological property of encoding for Streptococcus eqv.±s±mil±B 
hyaluronan synthase . 

52- A cDNA sequence according to claim 51. 
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53 * A procaryotic or eucarycs=LC hoGt cell transformed or 
tranefecfced with a nucleic acid eegr^Kit according to claim 51 in a 
manner allowing the host cell to excess hyaluronic acid, 

54. A purified nucleic acid i — yment having a coding region 
encoding enzymatically active hyar^ronan synthase, wherein the 
purified nucleic acid segment ie ^pable of hybridizing to the 
nucleotide sequence in accordance VKh SEQ ID WO:l* 

55. A purified nucleic acid SMtnent according to SEQ ID N0i3 
capable of hybridizing to SEQ ID N( 1 . 

56. A purified nucleic acid s pment according to SEQ ID NO: 4 
capable of hybridizing to SEQ ID NCZL- 

57. A purified nucleic acid t— jiu ent according to SEQ ID NO: 5 
capable of hybridizing to SEQ ID NCHi . 

56. A purified nucleic acid t=j ment according to SEQ ID NO;6 
capable of hybridizing to SEQ ID N 1. 

SB. A purified nucleic acid ;gment having a coding region 
encoding enzymatically active hya~ronate synthase, L^e purified 
nucleic acid segment selected fron — "he group consisting of; 

(A) the nucleic acid se lent according to SEQ ID NO: 2; 
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(B) the nucleotide sequence in accordance with SEQ ID, 
NO: 1; 

(C) nucleic acid segments which hybridize to the nucleic 
acid segments defined in (A) or {B) or fragments 
thereof ; and 

(D) nucleic acid segments which but for the degeneracy 
of the genetic code, or encoding of functionally 
equivalent amino acids , would hybridize to the 
nucleic acid segments defined in (A) , (B) , and (C) . 
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60. A purified nucleic acid segment comprifflg a coding region encoding hyaluronate 
synthase. 

61 . A recombinant vector wherein the recoi — inant vector further comprises a purified 
nucleic acid segment having a coding re_m encoding hyaluronan synthase. 

62. A recombinant host cell, wherein the ho — ►cell is transformed with a recombinant 
vector comprising a purified nucleic acicz^egment having a coding region encoding 
hyaluronan synthase. 

63 . A recombinant host cell, wherein the recombinant host ceil is transfected with a 
recombinant vector comprising a purifie=nucleic acid segment having a coding 
region encoding hyaluronan synthase. 

64. A recombinant host cell, wherein the recombinant host cell includes a recombinant 
vector, wherein the recombinant vector jraprises a purified nucleic acid segment 
having a coding region encoding hyalur^^n synthase, 

65. A purified composition, wherein the pu«ed composition comprises a hyaluronan 
synthase polypeptide. 



66. A method for detecting a DNA species, ^mprising the steps of: 

contacting a DNA sample with thurified nucleic acid segment, 
hybridizing the DNA sample anczhe purified nucleic acid segment thereby 

forming a hybridized complex; 

and detecting the complex. 



67, A method for detecting a bacterial cell ffltt expresses mRNA encoding Streptococcus 
equisimilis hyaluronan synthase, compt — ng the steps of: 

contacting at least one nucleic a 1 from a bacterial cell sample with a purified 

nucleic acid segment, 

hybridizing the at least one nucl ; acid and the purified nucleic acid segment 
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thereby forming a hybridized complex; and 

detecting the hybridized complex. 

68. A method for producing hyaluronic acid, comprising the steps of: 

introducing a purified nucleic acid segment having a coding region encoding 
hyaluronan synthase into a host organism; 

growing the host organism to secrete hyaluronic acid; and 
recovering the secreted hyaluronic acid. 

69. A purified and isolated nucleic acid segment comprising a nucleic acid segment 
encoding hyaluronan synthase. 

70. An isolated nucleic acid segment comprising a nucleic acid segment encoding 
hyaluronan synthase. 

71 . A cDNA sequence according to claim 70. 
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atgagaacattaaaaaacctcataactgttgtggccttitagtattttttgggtactgttgatttecgtcaat 72 

gtt t at ct ct tt ggt get aaaggaagct tg tcaat 1 1 atggctttttgc tga tagettacctattagtcaaa 144 

a tg t c c tt a t <zc 1 1 1 1 1 1 1 a caag cca 1 1 1 a agggaa g ggct gggca a t a t aagg 1 t gcag cca ttattccc 216 

tcttataacgaagatgctgagtcattgctagagaccttaaaaagtgttcagcagcaaacctatcccctagca 268 

eel 

gaaatttatgttgttgacgatggaagtGCTGATGAGACAGGTATrARGCgcattgaagaccatgtgcgtgac 360 

actggtgacctatcaagcaatgtcattgttcatcggtcagagaaaaatcaaggaaagcgtcacgcacaggcc 432 

«spl -* 

tgggcctttgaaagatcagacgctgatgtctttttgaccgttGACTCA^ 504 

ttagaggagttgttaaaaacctttaatgacccaactgtttttgctgcgacgggtcaccttaatgtcagaaat 576 

ag a caa a ccaa t c t c 1 1 a aca cgc 1 1 gacaga t a 1 1 cgc t a t ga t aa t g c 1 tttgg eg t tga acgag c t g cc 648 

caatcegttacaggtaatatccttgtttgctcaggtccgcttagcgtttacagacgcgaggtggttgttcct 720 

aacat:agatagatacatcaaccagaccttcctgggtati:cctgtaagtattggtgat:gacaggtgc5ttgacc 792 

aactatgcaactgatttaggaaagactgtttatcaatccactgctaaatgtattacagatgttcctgacaag 864 

atgtctacttacttgaagcagcaaaaccgctggaacaagtccttctttagagagtccattatttctgttiaag 936 

aaaatcatgaacaatccttttgtagccctatggaccatacttgaggtgtctatgtttatgatgcttgtttat 1008 

6*2 

tctgtggtggatttctttgtagGCAMGTCJVCU^ 1080 

atcttcattgttgocctgtgtcggaacattcattacatgcttaagcacccgctgtccttcttgttatctccg 1152 

ttttatggggtgctgcatttgtttgtcctacagcccttgaaattatattctctttttactattagaaatgct 1224 
4- sesp2 

gaCTGGGGAACACOTAAAAAattattataa 12 E4 

FIG. 14 
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atgagaacatt aaaaaac ctcat aac tg ttgtggccttt ag tatttttt gggt act gt tg attt ac gtcaat l2 

gttt atctcottggtgctaaaggaagcrrgtcaatttatggcttot t 4 4 

at gt cctt at cct tt xt t t acaag ccattt aaggg aag gg ct g ggcaat at aag gt tg cag ccat t att c cc 2 ie 

tctt at aacg aag at g ct gag tcatt g ct ag ag ac ctt aaaaagtgt tcag cagcaaacctatoccct agg a 2 b 8 

gaaatttat gttgttgacgatggaagtgctgatgagacaggtattaagcgcat tgaagagt atgtgcgtg ac 3 60 

actggtgacctatcaagcaatgtcattgttcatcggtcagagaaaaatcaa 432 

t g gg cctttg aaa g atcagacg ct gat gtcttt tt gaccgtt g actcag at ac tt at at ct acc c t gat g c t 504 

tt ag ag g agtt gtt aaaaac ctttaat gacc caact gt t t tt gct gcgac g ggt cacct t aat gt cag aaat 575 

ag acaaac caat ct ctt aacacgct tg acagat att c g ctat gat aat g ct tt tg gcg t t g aac g ag c tg cc g 4 e 

caatoottacaggtaatatocttgtttgct 720 

AACATAG ATAG AT ACATCAACCAG ACCTTCCTGGGTATT G GTG ATG ACAGGTGCTTG ACC 792 

AACTATGCAACTGATTTAGGAAAGACTCTTTATCAATCCACT^ e 54 

AT GTCT ACTT ACTT G AAGCAGCAAAACCGC T G G AACAAG TCCTT CT TT AG AG AG T C CATT AT T T CTGT T AAG $ 

AAAAT»TGAACAATCCTTTT^AGCCCTATGGACC^^ 10 03 

TCTGTGGTG GATTTCTTTGT AGGCAATGTCAG AG AATTTGATTGGCTC^GGGTT TT AGCCTTTCTGGTG ATT 1080 

ATCTTCATTGTTGCCCTGTGTCGGAACATTCA^ 1152 

TTTTATTCG<5TGCTGCATTTGTTTGTCCTAC^ CT CTTTT TACTATTAGAAATGCT 122 4 

GACT G G G GAACACG TAAAAAATT ATT AT AA 1254 
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K R T L K M LTTVV A FStrwvj. T, IYV N 24 

VYLFGAKGSLS I YG FL ^IftYLLVE 4S 

R ^^^y PFKGRAGQYKVAAIIF 72 

SYHEDAtSlLETLKSVQQQTYPLA S6 

EIYVVDDGSADETGIKRTEDVVRD 1 2D 

TGDLSENVIVHRSEKNOGKRHAQA 14 4 

WXFERSDADVFLTVCSDTYiVPDA 16S 

l.EELLKTFNDPTVFAATGHLNVRN 1S2 

^OTNLLTRLTDIRYDNAFGVERAA 216 

QSVTGWILVCSOP^SVYKKtVVVF 240 

NIDRyiNQTVLGIFVSIGDDRCLT 264 

K Y A T r> L G E^jfr^^xf^Q V S ^Tj^A^K C1TDVPOK 26 6 

KETYLKQQNRWNKSFFBES1ISVK 312 

K I H N N P T _V_. A L _H_ T 1 L £ V 5 M _? H M !> V Y 3 36 

5 V V D F F V G K V P. E F D _W L P V I h 7 L V 3 6C 

7 ^ _F _ T V A L " T J: T > V I' L X H P L S F T. S P ^Bfl 

F Y . G . . V__ L H L F V L Q F L KffiIi7£Z £5S.aX S^^£5gSS K A 

D V3 G T R K K L L * ^1 
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5-GCTGATGAG ACAG G TAT TAAGC 
primer: sel (sense, nucleotides G^^-C 337 ) 



SEQUENCE ID NO, 4 

5*- A TCAAATTCTCTGACATTOC 
primer: se2 (antisense, for sense nucleotides G 1031 - t 1050 ) 



SEQUENCE ID NO. 5 

MACTCAQATACTTATATCTA 
primer: sespl (sense, for nucleotides G 47i - A 494 ) 



SEQUENCE ID NO- 6 

5'-TTTTTACGTGTTCCCCA 
primer: sesp2 (antisense, for sense nucleotides T m * - A 1244 ) 
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Protein sequence of A98R, the PBCV-1 HA synthase 

1 MGKKIIIHVS WVTI I TSNI.I AVGGASLILA PAITGYVIiHW WI&LSTIWGV SAYGIFVFGF 

€1 FLAQVLFSEL HRKBLRKWIS LRPKGWNDVR LAVIIAGYRE DPYMFQKCLE SVfcDSDYGNV 

121 ARIjICVTDGD edddmrmaav ykiuykdhik KPEFVKCESD DKEGERIDSD FSRDICVLQP 

161 HRGKRECLYT GFQIAKMBPS VHAWLIDSD TVLEKCAILE WYPIAGDPE IQAVAGECKI 

241 HNTDTIXSLL VAWftYYSAFC VERSAQSFFR TVQCVGGPLG AYKDIIKEIK DPW1SQRFLG 

301 QKCTYGDORR IVTNEl;LHftGK KWFTPFAVG WSDSPTNVTR YTVQQTRW5K SffCREIWYTL 

361 FJUWKRGIfSG IWTAFECLYQ ITYFTLVIYL FSRLA.VEADP RAQTATVIVS TTVALIKCGY 

421 FSFHAKDIRA FYFVLYTFVY FFCMIPARIT AMHTLWDIGW DTRGGNEKPS VGTRVALWAK 

4fil CYLIAYMHWA AWGAGVY5I VEtNWMFDWNS LSYRFAIiVGI CSYIVFIVrV L WYFTGKI T 

541 TWMFTKLQKE LIEDRVLYDA TTHAQSV 

561 
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Nucleotide Sequence of gene in the PBCV-1 Virus Genome 

Start: ATG 50901 Stop: TGA 52607 

50&01 aagacttctt gaaagttaca ATGggtaaaa atataatcat aatggtttcg tggtacacca 
50941 tcataacttc aaatctaatc gcygttggag gagcctctct aatcttggct ceggcaatta 
51001 ctgggtatgt tctaeattgg aatattgetc tetcgacaat ctggggagta tcagcttatg 
51061 gtattttcgt ttttgggttt ttccttgcac aagttttatt ttcagaactg aacaggaaac 
51121 gtcttegcaa gtggatttct ctcagaccta agggttggaa tgatgttcgt ttggctgtga 
511B1 teattgetgg atatogegag gatccttata tgticcagaa gtgwtcgag tctgtacgtg 
51241 actctgatta tggcaacgtt gcccgtctga tttgtgtgat tgacggtgat gaggaogatg 
51301 atatgaggati ggntgcegtt tacaaggega tctacaatga taatateaag aageeegagt 
513 Gl ttgttctgtg tgagtcagac gacaaggaag gtgaaegcat cgactctgat ttctctcgcg 
SI 4 21 acatttgtgt cctccagcct eateqtggaa aacgggagtg tctttatact gggtttcaac 
S1461 ttgeaaagat ggaceccagt gtcaatgctg tegttctgat tgacagegat accgttctcg 
51541 agaaggatgc tattctggaa gttgtatacc cacttgeatg cgatcccgag atccaagccg 
51601 ttgcaggtga gtgtaagatt tggaacacag acactctttt gagtcttctc gtcgcttggc 
51661 ggtactattc tgcgttttgt gtggagagga gtgccca.gtc ttttttcagg actgttcagt 
51721 gcgttggggg gccactgggt gectacaaga ttgatatcat taaggagatt aaggacccct 
51781 ggatttccca gegctttett ggtcagaagt gtacttaegg tgacgaccgc cggctaacca 
51B41 acgagatctt gatgcgtggt aaaaaggttg tgttcactcc atttgctgtt ggttggtctg 
51901 acagtccgac caatgtgttt eggtacateg ttcagcagac ccgctggagt aagtcgtggt 
51961 gcegogaaat ttggtacace ctcttcgccg cgtggaagca cggtttgtct ggaatttggc 
52021 tggcctttga atgtittgtat caaattacat acttcttcct cgtgatttac ctcttttctc 
520Q1 gcctagccgt tgaggcegac cctcgcgccc agacagccac ggtgattgtg agcaccacgg 
52141 ttgeattgat taagtgtggg tatttttcat tccgagceaa ggatattegg gcgttttact 
52201 ttgtgcttta tacatttgtt tactttttct gtatgattcc ggecaggatt actgeaatga 
52261 tgacgctttg ggacattggc tgggatactc gcggtggaaa egagaagect tccgttggca 
52321 cocgggtcgc tctgtgggca aagcaatatc teattgeata tatgtggtgg gccgcggttg 
52361 ttggegctgg agtttacagc ategtccata actggatgtt cgattggaat tctctttctt 
SZ4 41 *Lcgttttgc tttggttggt atttgttctt acattgtttt tattgttatt gtgctggtgg 
S2501 tttatttcac eggcaaaatt acgacttgga atttcacgaa gcttcagaag gagctaatcg 
52561 aggatcgegt tctgtacgat gcaactacca atgctcagtc tgtgTGAtlt ttcetgcaag 
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Nucleotide and Protein Sequence of Psstfcurella multoclda 

+1© 

1 HNTLSQAIKAYNSHtiyQ 
- 1 8 ATTTT TT AAGGACAGAAAAT G AAT AC AT TAT CACAAGCAAT AAAAG CAT AT AACAGCAAT G ACT AT CAA 

18 LALKLFEKSAETYGRKIVEFQIT 
52 TT AGCACT CAAATT AT T TG AAAAG T CGG CGG AAAT C TAT GGACGG AAAATT GTT GAAT T T CAAAT T ACC 

41 KCQEKLSAHPSVHSAHLSVHKEE 
121 AAATGCCAAGAAAAACT CT CAG CACATCCTT CT G T T AATT CAG CACATCTT T CT GT AAAT AAaGAAGAA 

64 KVHVCOS PXrDIATQLLLSKVKKL 
190 AAAGTCAAT GTT TGCGAT AGT CC GT T AG AT AT T GCAACACAACT GTT ACT T T C CAACGT AAAAAAAT T A 

67 VLSDSEKKTLKNKWKLLTEECKSE 
259 GT ACTT TCTGACT CGG AAAAAAACACGT T AAAAAAT AAATGGAAAT T GCT CACT G AGAAG AAAT CTG AA 

110 NAEVRAVA1VPKDFPKDLVLAPL 
328 AATGCGG AGGT AAGAGCGGTCGCCCTTGT ACCAAAAGATTTTCCCAAAG ATCTGGTTTT AGCGCCTTTA 

133 PDHVNDFTWYKKREKF.LGIKPEK 
391 d C T G AT CAT GTT AAT GAT T TT ACAT G G T ACAAAAAG CG AAAG AAAAG AC TT G G C AT AAAACCT GAACAT 

156 QHVGLS1 IVTTFMRPAILSITLA 
4 66 C AACATGTTGG TCTTTCT ATT ATCGTT AG AACATTCAATCGACC AGC AATT TT ATCGATT ACATT AGCC 

179 CLVfcQKTKYPFEVIVTDDGSQED 
S3S T G TTT AG T AAAC CAAAAAAC ACAT T AC CC G TTT G AA5T T AT C G T GACAG ATG AT G GT AG T CAG G AAG AT 

202 LSPIIRQYENKLDIRYVRQKDNG 

604 CTATCACCGATCATTCGGCAATATGA^AATAAATT 

225 FQASAAKtfMGLRLAKYDFlGLLD 

67 3 TTTC AAGCC AGTGCGGCTCGG AAT AT GGG ATT ACGCTT AGC AAAAT ATG ACTTTATTGGCTT ACTCG AC 

248 CDMAPHPLWVHSYVAELLEDDDL 

"74 2 TGTGATATG^CGCCAAATTCATTATGGGTTCATT^ 

271 T I IGPEKYT DTQRIOPKDFLNHA 

& 1 1 ACAATCATTGGTCCAAG AAAAT AC ATCG AT ACACAAC AT AT TG ACCCAAAAG ACT TCTTAAATAACGCG 

2?4 £5LLESLP5VKTHKRVAAKGEGTV 
Q D 0 AJ3TT TGCTTGAATCATT ACCAGAAGTCAAAACCAAT AAT AGTGT T GCCGC AAAAGGGG AAQGAAC AGTT 

317 SLDWRT.EQFEKTBNLEILSB5PFR 
94 9 TCTCTGG ATTGGCGCTT AG AACAATTCG AAAAAAC AG AAAATCT CCGCTT ATCCGATTCGCCTTTCCGT 

340 FFAAGUVAFAKKWLWKSGFFDEE 
1018 TTTTTTGCGGCGGGTAATGTT GCT TTCGCT^JUU\AATG GCT AAAT PAATCCGGTTTCTTTG ATG AGGAA 
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363 FKHWGGEDVFPGYRLF'RYGSFFK 
1087 TTTAATCACTGGGGTGC^GAAGATGTGGAATTTGGATATCGCTTATTCCGTTACG^ 

386 T I DG IMAYHQEPPG KENETDREA* 
1156 ACTATTGATGGCATTATGGOCTACCATCAAGAGCCAC^^ 

409 GKNITLDIMREKVPYIYRKLLPI 
1225 GGAAAAAATATTACGCTCGATATTATGAGAGAAl^GTCCCT 

432 EDSKINRVPLVSIYI PAYNCANY 
1294 GAAGATTCGCATATCAATAGAGTACCTTTAGTTTCAATTT^^ 

455 XQ&CVDSALHQTVVD'LEVCICHD 
13 63 ATTCAATOTTGCGTAGATAGTGG&CTGAATCAGACTCT 

476 GSTDNTLEVXKKLYGRNPRVRIH 
1432 GGTTCAACAGATAATACCTTAGAAGTGATCAATAAGCTTT^^ 

501 SKPHGGIASASKAAVS FAKGYYI 
1501 TCTAAACCAAATGGCGGAATAGCCTCAGCATCAAATGCAGCCGTTTCTTTT^ 

524 GQLDSDDYLEPDAVELCLKEFLK 
1570 GGGCAGTTAGATTCAGATGATTATCTTGAGCCTGATGCAGTTGAACTOTGTTTAAAAGAATTTTTAAAA 

547 DKTLACVYTTNRNVHPDG5LIAN 
1639 GATAAAACGCTAGCTTGTGTTTATACCACTAATAGAltf^ 

570 GYHWPE FS REKLTTAMIAHH FRM 
170G GGTTACAATTGGCCAG AATTT T CACG AG AAAAACTCACAACGGCT ATG ATTGCTCACC ACT TTAGAATG 

593 FT I RAWKLT DGFHEKI EHAVDYtJ 
1777 TTCACGATTAG AGCTTGGCAT T TAACTGAT GGATTC AATG AAAAAATTGAAAATGCCGT AGACT A7GAC 

616 MFLKLSEVGKFKHLNKICYKRVL 
1846 ATGTTCCTCAAACTCAGTGAAGTTGGAAAATTTAAAC ATCTTAATAAAATCTGCTATAACCGTGTATTA 

639 HGDNTS I KKLGTQKKWHFVVVNQ 

1915 cat ggtgat aacagatc aattaagaaacttggcat tcaa&agaaaaaccattttgt tgt agtcaat cag 

662 slnrogityyhydefddldesrk 
1 9 8 4 tc att aaatagacaaggcataacttattataattatgacgaatttg atg attt agatgaaagtagaaag 

685 ytfnktaeyqeeidi lkdikx 1q 
2053 t at attttcaat aaaaccgctg aatatc aag aagag attgat atcttaaaag atat t aaaatcat cc ag 

708 hkdakiavsifyphtlnglvkkl 
2122 aataaagatgccraaatcgcagt cagt att ttttat cccaat acatt aaacggcttagtgaaaaaacta 

731 KMIIEYNKNIFVIVLHVDKHHLT 
2191 AACRATATT ATTG AAT ATAAT AAAAAT AT ATTCGTT ATT GTTCT AC ATGTT GAT AAG AATCATCT T ACA 

754 PDIKKETLAFYHKHQVNILLKMD 
2260 CCAGAT ATC AAAftAAGAAAT ACT AGCCTTCT ATC ATAAAC ATCAAGTGAAT ATTT T ACT AAAT AATGAT 
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777 ISYYTSKRLXKTEAHLSNIHKLS 

2329 ATCTCATATTACACGAGTAATAGATTAATAAAAACT - 

800 QLHLMCEYIIFDWHDSliFVKWDS 

2398 CAGTTAAATCTAAATTGTGAATACATCATTTTTGATAAT^ 

823 YAYMKKYOVGHKFSALTKDKlEK 

2467 TATGCTTATATGAAAAAATATGATGTCGG^TGAA^ 

846 IKAKPPPKKLIKTYFHDITO .LKSM 

2536 ATCAATGCGCATCCACCMTTAAAAAGCT^ 

869 HVKGA5QGMFMTYALAKELLTII 

260 5 AATCTGAAAGGGGCATCAC^GGTATGTCTATGA 

892 KEVITSCQSIDSVEEYNTEDIWF 

267 4 AAAGAAGTCATCACATCTTGCCAGTCAATTGATAGTGTGCCAGAATATA 

915 QFALLILEKKTGHVFUKTSTLTY 

27 4 3 CAATTTGCACTTTTAATCTTAGAAAAGAAAACO^^ 

938 MPWERKLQWTNEQIESAKRGEKI 

2812 ATGCCTTGGGAACGAAAATT ACAAT GG ACAAATGAACAAATT GAAAGTGCA&AAAG AGG AGAAAATATA 

961 PVNKFllflSITL*- 

2881 CCTG TT AACAAGTT CATT ATT AATAGTAT AACTCT AT AA 
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Abstract (Basic) : WO 9923227 A2 

NOVELTY - Purified nucleic acid (I) having a region that encodes 
enzymatically active hyaluronate synthase (HS) , is new, 

DETAILED DESCRIPTION - INDEPENDENT CLAIMS are also included for the 
f ol lowing : 

(a) recombinant vector (plasmid, cosmid, phage or viirus) containing 

(I); 

(b) recombinant prokaryotic or eukaryotic host cells containing 
this vector or (I) ; 

(c) purified HS polypeptide; 

(d) production of hyaluronic acid {HA) by culturing host organisms 
transduced with (I) and also containing sequences encoding enzymes that 
produce uridine diphosphate (UDP) -N - acetylglucosamine (GlcNAc) and 
UDP-glucuronic acid (GlcA) ; 

(e) pharmaceutical composition containing a drug and HA produced by 
HS; and 

(f) PCR probes, (l)-(4), that hybridize to the HS-encoding sequence 
from Streptococcus equisimilis . 

ACTIVITY - Angiogenic; ant i -arthritic . 

MECHANISM OF ACTION - None given. 

USE - (I) , or its fragments, are used: 

(i) in hybridization assays to detect DNA or the mRNA encoding 
Streptococcus equisimilis HS , particularly to identify HA-producing 
bacteria; and 

(ii) to produce hyaluronic acid (HA) , particularly with modified 
structure or molecular size, in transformed cells (claimed) . 

High molecular weight HA is useful e.g. in cosmetics (moisture 
retainer) f in eye surgery (replacement for vitreous fluid) , for 
treating arthritis {by direct intra -art icular injection) and as a 
lubricant in shaving cream. Low molecular weight HA is useful for 
angiogenesis and wound healing, also to stabilize recombinant human 
proteins being used therapeutically (to prevent their rapid clearance) , 

HA can also be used to target an attached protein or drug to the 
reticuloendothelial system (which has endocytic receptors for HA) . 

ADVANTAGE - Hyaluronic acid produced by HS has modified molecular 
weight such that it evades an immune response and/or can target 
specific tissue or cell types (claimed) - HA produced this way is purer 
than that produced conventionally from rooster combs or streptococcal 
culture medi a . 
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HAS & J: CXspIIASa SR<D|lllO«*«Vi»*tWa»K«tit, 
[0092] 

F . BUltoclda«Ett#*cafc*A*«ft^HA«tt*f(iL;, 2 CJCDstrcptoc 
o c c a 1 HASIiKSaHl?fe5©T\ l/^IKft^BIKtl^f^ h Uc. 

■*5 ffl ^ h v < y )V -\Z 43 H T , streptococcal 11 AS f£ ft & iffl 3£ ^ 3 ft * O *> « t R 

<7> # S C ^ <& UDP - Gl cNAc ft 7? UDP- [ M C J C, 1 c. ABt 0 ii * (" ~ 0. 2 

pooKD GlcA» A w g) ■' li 1 ] € « *T V ft . Att^-h a 8 A^973 H 

S»o*i«4^«|S*t>SfcB«)iH«b[:<^^t B m <=> M * (4 , W « © 
^ f J: K J; o T , s t r c p I o i: o c c u s £ t# ^ tl ft W B t~ *fe (U T * S ft £ tt *t fiH » T ^ * 
^ ft „ 

[ 0 0 9 3] 

a «r ffl ^ £ S»J o S f n hDJWi, J/7^ettJff)rtii^OHASffift©*8 
ft EI TO * bI ffi L ft . 5 - 1 0 pmol </) Gl ckifl M A £ n ft H A S t ^ 0> T CD W W ffi 
fct (StlSM) " 1 h " 1 « * ffi L ^ Ufc T !0f ^kMP. mul tocidnw K * 

- fF > W K i# £ n ft . UDP - Gl cNAc© ?F f£ T Ttt , UDP- [ ll C] G I c A £ tf> & 

itisu. <t t) ift ^ » t a © « » k % h ft k b fx o ii s n a a* ^ ft 

© M - r v -fa -f © < 1 % ) . »««»«*»#TnA*e>WSttatifc8l(4, * 
* # 1^ * if H ffl SB # * IS £ U fc C? , ^HiPlffi&HASfflffiBf f t { 

-7 - tt ^ S T ) n Scphacry I S - 2 0 0 * 5 A £ ffl ^ 5 ir ;j, flg jg # tfr « , *f > * tf 
hnT&^^nt M C-glt«ftc^:S^(0»fi^2 8 x l 0 * D a S 6 
^ £ * * ~r o £ ^ 5 <7) f4 , !«Itt#< Fgil:S^T^0T, ^ J: 5 ft Ui tt 
^ ft < £fe4 0 fl€ ;7-i!))tcSHA»f CjtfiStaiJi&tftS. Z 0} >P.f&ffi 
\t S t r fi p t o my c e s t: T )U D ^ ^ - iH ft 8K 3 ft T * ffl > P ? 7 — if Sfl ffl ^ *f 
UlitfS « ft T ft s . 
[ 0 0 9 4 ] 

HAS7yt-f©/t7>-#-t«jt«^T. P. mu 1 loc i daJK J: S UDP — 1ft 
O^ffl^cDBSUJi^SrS^cfkLft, Streptococcal spIIAS^Mg J+ ^SU, 
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T, d tf> ^ Jg -f * > 14 > P. multocldaK©««)©7^-lr<C*£nfc. P. multo 
c i da HAS (pnHAS)tt . h U X MMf ffi 1 ! 1 "C p H 6 . 6 T it IS W ffi ft 

T A 0 , p H 7 T A M T * * o H A S « tt H , 'J> ft < i t> 1 tt?f Pfl , "fttpll i:t 
. *f > + ^ ^ - x a > P3 P*l H *J L T it m W T' » fc ■ J:^^-ft>^ST tip n 
HA S tt a ± ffi J f4 # <ft rt> -j . f«I IKitcMf, b 0 m M h U X , pH 7* i«2 
0 m M M g C 1 , * ^ t" £ K fS ^ (0 l 0 0 in M N a C ] OiSllJH- 5 0 3{ 
ft: » m WA 0 £ ^> * M '> * ii & £ T ft 5 . 
[ 0 0 9 5 ] 

pmHAS GO & JR -f 7]- > if? V£- tt fS P H 7 T ff « L & . li D T A © ffi T C ^3 l> 4 

«7u-*ffTTii, # *s ^ <o a m « n #j m <£> is o ^> a $ a * a ^ ^ & ( 

MX > if J- )V <D < 0 . 5 % ) „ M n 1 + ta , Htfti (My, M n , Co, 

c u . fiitf n i ) [:-Jt^rcogfii'^>aST^MSfOii^^^^fe 5 Mm 

J Ma I 0 fg A ^ jg BE K £> ^ £ & Bfc * M n 1 1 #f| St CD m 5 0 % ft # A fc o 1 0 m M \Z 

6 ^ T C o x ' * ft: \$ N i 2 Ma , £ 0 ffi H U- ^ )V 00 ffi ft ( 1 m M M n 1 + T y -fe *f 
CD , & * , 2 0 9 X) SiSf Lfc^, 1 OmM Cu^tflKftasftfcB 
ta ^ ft f± T ft fc . * 35 , lOmM Cu , **J;tf2 0mM M s ■ 1 t R «W SI ft 

<t o m ft (o $s ^ , ii ^ « * is \z a t a, t* m ^ a s n a ^ ^ fe (Mg©*oi«< 

0 . 8 % ) „ 

[ 0 0 9 6 ] 

pmHASO S a <D » ® ft \t , Mg If «ffaTi?fT^fe u « tft ^ ? k * T F jij 

V il < L fc w [ ' 1 C ] G 1 C A i; ta [ 1 H ] G 1 t:NAc CD ^ S ^ CO «5t 0 ^ « , ^& 4 , U 
DP - Gl cNAc * ta HOP - G 1 t; A CD ^^ftUfcJgft'e^Zl^-bft:* M g M - ^ W i S 
Ittfi^T, UDP - ClcAll "3 T ff) ^ 2 0 ^M^^^UDP-GUNAc^O^TOD — 7 
5 w M <D R m Vf CO K , ffi « , «*f -j^ WHanse-foolf^u y h ( [S] / v- 
# - r S ] ) ft«ffl UTftfiLfc. i^«t;^^T© V.^ili I^Tfc^t:, ftf 
Sfc & *^ ta , Ha n s e - Woo 1 f ^ P ^ h IC *J JCtS T S M -a IS * t ft *^ & T ft 5 • M g 

7 1 T CO y v -fe 75> ft © *S * ^ R 1" £ £ , UDP - GI cNAt: K ^ ^ T © K M (S \Z , #5 2 
0 - 5 0%£Mt-l 0 5^M*T«JnU, V 1Dl tiM n^O^/^TT 2 - ^ fg^: 



( i\ ) #^2 0 0 1 5 2 1 7 4 1 

tt ® *n u fc , 

[ 0 0 9 7 ] 

P. multocida, e ej u i s i m i 1 i s £ fc tt S . p y o g c n e s V* T tt 4* A* 6> 0) H A *> > $ 

- -tr if m it udp - & « ffl -r ifl * * n e ta p h ^ ^ u o. m -f * > ffi # ft # ± t/ 
k N ft n l t at 5> a & ^ & r « a £ a m * » * r * . 0 s b p h 1 s t> w e 

T 0 ; L I, & , pmHASMU *ft S tl T ^ 6 i il 5 T tt , to T * * « <D 
pHtiOStttiL, p H 7 • 4SiB*S<hlt«&!j^?SttT»S ll pmHAStt -f 
> • t h D7v t-fSttTTB, M k ! 1 £ 0 5ft * W M n 7 1 * f ij ffl T £ ifl * ffl 

M *w c * tt £ ± a * as <i* m « pa ? « n ■ tt a » <s ti f ^ a ^ . tt k t * t , s t 

r ep t o coc en 1 W * T CD fi£ i ffi <A W ^ 'C tt . M g " tt M n ' ' J: (3 fc^ftOfijffT*-? 
fc * , * n fc fe l*J to 6 T , Mn 2t ©J:^l^^ifi3«li, MSMg 2< fiS^D 

1 Olt^ll!K»HT*>;T»oft. pmHAStt , W b fc . spHAS£ 0 L v A* 
D t UDP - » fc « | *" £ „ ffi V> BS ^ fc fc ^ T pmHAS fc H T £> fit ffi £ ft fc K h fifi 

. streptococcallT^ m 5 ft H A S ^ ^ ^ ^ tl fc t © ± 0 feftSJitOtfi 

2 - 3ftffiA^ fc : * * , UDP- GlcAfc "J 5 5 0 S ft. tt 3 9 m M ft cfc tfUDP- GlcN 
AcCTiS 0 OSfell I S 0 u M « 

(0098] 

at«»W*«ffcJ;^T. pmHAScO V , B , tt M r 1 * & 0 U n 1 * <D 4? & T T* 2 - 3 
fS ffi A* ^ fc . ftrT *f « f ^' > T? © T y -f \Z *5 T tt , UDP - G 1 c N Ac K , ft tt to 

tt *m= Jf ai u fc . a»»«>fiTbfc««]tt{oc:©«»ja, * * u fc a ft a tt , 

at>©Tti&i*ofc. ffi T , M n * 1 tt ^ < O ^ CD -ftfcL <D S tfJ I". {g & ifl 5fi * * , ^> 

5i^<o«tt/w*««a*at«L. **iwa«jvi»fitt«t«t*#«r«*iiieffi 
*i » s . pmHAso a e ^ sh m * i tf a a k ie w * m m # ^ i 9 \i m n 
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T ■& a [Paramecium bursaruj? D 1/ 7 5 -f ^ X ] ^_?t= 

■ DNA/;ASIi!}»lifctrat, |l*OHASl:»LTJ? 8ftta 3 3 X73 

/ mm—&£$t^ 5 e 7»*iEafl*3-Hf 5orp 1 1 - y > u - rV > y 

7 1/ - A ] . A 9 8 S (§ At ^ # 4 4 2 n S 0) tft 5E ii S *L ft: „ d CO B fl H tt 
c vIIASiA^^ttfc (J al/7>)-f^XHAy>?-t') 6 P B C V - J * 
3-Hr«ilCr-ft!5ll*J:W*«)aiaKSilMttiEW«*: 7 £ £ 8 t ,T< s n S 
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PBCV-1B, * 4 « « * « JS . -t^^'I'TSMt^^:^ 

fit ( 1 7 5 - 1 9 0 c m E % ) £ ft * ^ 9 - £ ^ J* -f ;t X © y r ^ U - (Phyc 

o dn a r v i r i d ac) GO ^ D h 9 <i ? ~tf $> %> „ P li C V - 1 h'U t>l±, ft * *S «g 6 R 
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t^&U 3 3 0 - k b d sDNA4>TT&£„ 
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- GlcNActt. *f MR ttl IB ^ & CD K » ( ¥ » ¥*■ fft ft <0. OOlpmol e ClcA^A//; 
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£ fc , p b c v - i y y a a , nop - Gicf h Ho ; /t-^ (udp gi c did 

& ¥ )V $ ^ > : 7^2 b — X - 6 - ».J > IS T £ / h5->X7x^>--^ (GF 

AT) §iJ fj&SlG/'Ht^ UDP — C 1 c D h ttUDP - G 1c £ UDP 

-GlcA (H A4^jSl:i&5&f*#) fc & T £ < GFATB7??h"^-6 
- T J > 8£ £ ^ ^ 3 ^ 5 > - 6 - U > SS (UDP - G L cNAcft W ffi *M-t £ * Iffl » ) 
^ * * "T * . A9 8R H A S £ Fl « fc , : ft 6 <0 P R C V - Hfcf U»C« 
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1 ft ^ L M D 7 CD H H * Jfc tt ^ E|J T ^ S ft £ . XI teXenopus 1 cavi s£ b , 
MM SMus in u s c u 1 i s £; s& s 



( 45 ) 0 0 1-521741 

[0 10 8] 



ttwi 






ft , ± D £ < 


CO 






m x 


SB W 




tl r J 'J jj 5 . 


w 


ti , 




. ST * * <fc ^ ffl « * 


f- y ■> 


> * 


- 


•tf , * J; n 




<T> H 


A S ^^il. d ft £ (0 p] tg 








'J 






7 x 




W 6 


















( o 


1 


0 9 ] 










ted 3 


. 




m <d t r )v d 




> ^ 


> * - -£ n ffl * ff » Rfl ffi * 


^ f o la 3 co # itfc ftf 


14 . d 


N A 


s 


i s t ;i/ if y 






U y 7 A $ ffl I/ 1 THi ggi n 


s-SharpT n" "J X 


A J: 




ffl 


SS * ft ft . fff 


n 


a ft 


ftV<y^>^/^--fe>-r- 


x 14 > F U ^ 7 A 


© a- a 


■y J- 


Id 


/J; 3 ft S „ 












[ 0 


1 


1 0 ] 












93 <o 


D 




h 


it a- 


fe^W«figPI^H A s s a 




* tr. 


d <D 


«fc 


5 & -fc ^ * > 


h 


a , 




^i - i-sftftg5a« 


ft f X 


m x 


J? 


d £ d i 3J1 *ll 




ft. T 






r ± e 


L « 


-5 


. m m i l -r 


, 


HI fig 




H14, M^XDNA 












d £ 


I)'T3. * d 1? (4 , 3i fi ft 


« i£ co JB ft 14 . x ik 


-r ^ -3 


T 5 


/ 


nt « ft « ^ 




1= S 


O'U T T 5 u i ?) ! t S 


5 o h J: ^ T 


St £ tl 


ft 


ft 






«! « 






* , M 


X. (J 




# $ i& tt K jtt 


L 


T S 


fclJHAStSfiOttBIt 




"3 ■ -S d 


£ & 




# , * ft f* 






;i/-CHA^>^--t^f£tt^ 


i^SftfeKHAS 


35 JS$ S 


51 ffc 




? X h -r ■£> d 




*i T 








[ 0 


1 


1 1 ] 










it ft 


, II 


A 


S n - x -f > 










'it # X 


ft 14 


m 


a « a * sb n 






5 H A © 3? *S T $ 4 . S 


* # T * ft t4 , A Ac 


a # u 


V — 




-Y X * «fc / 


± 


ft a 




a >m ■& ±mx & z> 


& K S 


ft ft 


t 


7 ^ P * — h 


is 


> * 


-t'Siif 5J:tCHA 


s 3 - =? j > y se m 


** ft** * 




t. W X 5 5 CO 






a s n — t ■< > v sa 



( 46 ) Mm 2001-521741 
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^ t? * - « « S <© ft 66 K ffl ^ 6 ft § . ffSL^glttyg^RttWIS, t y 
)U—/C © S t r c p t oc (i c c n 1 tt 5 R « 2 ft fc cD # Sf £ LH£a*>ftT^ft B M 
^ tf* Staphylococci^ itfStreplucuccit ^ o tc B£ — JK T » ft tf s J¥ V* M m & <D 
mm\i, j^JASttif «5. E . colieOcfci&y^Alfcttillitt, Silj AS £ * r) B 

0 BB J: 10 , ^ 7 A S t ft) B . <t Dff^ltfi 

K 1* *C SUSS * . SF^LV^^jfflJIgtt, Streptococcus^^ & 0 . £ ft tt b: 7 A 
p - ^ - M m *> L < ttttOWUBiJift-S-t^ * ft 2 ft ft (IIP 1 44 0 1 9, EP 2 66 5 7 8, 
EP244757). t# tz fl" ffl & S t r e p 1 o c o c c u s #; t L> T f± , S. ^ g ti 1 s i m i 1 i s;B £ S . zo 
oepidemicuslT #> ft <, 
[0150] 

ri « * * , * *: « ±h * © fc * fc fe ffl ^ ?> ft ft , n 5* f m H A i> > # - * I' 3S 

ft Vc t> as ^ «c ^ « t *5 U T H A x > $ - iff £ ft S. equis 

1 in i J i s h U < liS, zoocpidenicus£: ^ o fcStreptococcusS^rffl ^ ft C i/^SS 
ft^. 1 M L fc I j: , li. coli W3110CF-, 7 A y , ^^^tt, ATCC No, 2733 
25). Bat;j 1 1 u s snbilllst^ofc/t^^X* fe b < *4 , Serratia marccscens: 1 : 



( GO ) if** 2 0 0 1 - 5 2 1 7 4 1 

ifl T £ 3 □ 

[0151] 

— K K , TB £ IB J3S £ ii & 14 CO <fe * ft m ft fc W B *s J: ffl W E ?•] 9)S0t 

fc«BE#^T38S!E©»«*«< £ £ A* rI ffi T * £ ^ - + > ^ Sii 5>J £ W « \z ■ 

m fflr . ^ * - a *9 Si <o m to a sk s ft & «, «ab, u . coin*, ft 3e w k t± e 

. cnliffl^&lif^ftS^^^SKTfaa pBR 3 2 2 £ ffl ^ T iH(S8! S iU . pBR3 2 2 

jt te $t a ft a m m & « ^ ^ <e & * t # a a ? r * s puR^^^^Hfeu< 

\t p UC^' 7 X ^ H , £ ft tt £> ft 1- * V 5 X * H U < tt 7 7 - V s * fc , * ft 
ft # © # >/tJw»a«)/:6©itllIl:J: "9 ffi ^ & ft -5 ni^TSS^nt 

- ^ m & ^ ^ , feL<ttfirtj±3t«iE*ft**&:«^»s, 

[0152] 

S % -ft W \Z tt ^ tfe A D N A ffi % « t~ ffl tr if, ft & * ft 6 © ^ U t - 9 \t . 1 a c Z 

^ h 7 r > (trpj^/u^-? xTir AS^tf t>cDt^5o E ft & tt « — « fc 
ffl t \6 ft £ t tf) £> £ h m , ffiwftiftyni— ^ W, a : ft , ffl ^ ft X 
^ £ u *LT*n6©«ltli!»l:HT4»«ttft|ll!*ftT* D , ■IEfil:^?X 

[0153] 

flh, CO < 60 ft ^ * & \z m m W ffi T ft -5 £ fe 3^ to £ f , Saccharomyces cere 

£ „ SaccharouycesH 45 *+ £ 56 Ig <D & #> E , ffl A ^ 9 X ^ K YR p 7 # M ^ ffl ^ 
^ ft ^ „ HATCC No. 4407 6 ^ L < « PR?4 1 CO ± 5 ?S h r J ^ h 7 r > M L T I* 

it C T , r CD77.X^ FtiBli:^^TU5 D ^Lx, If « 3£ iffl II& tf J A c?5 W 



{ fil ) 0 0 1 - 5 2 1 7 4 1 
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( 62 ) 0 0 1 - 5 2 1 7 41 

■J A - ? % T r X O <{ )V X 2 * ^yftiMM^^f^X. * J: ZS B h m 5fe fc » > ^ T 
> 9 -f ^ x 4 oA^iS?^ na ( sv4 o£>r^;*<0«ffl©fcb<tt«ffi©:/n 
— ^ , m % ifl s v 4 ot^^Y ^ x co =ft is fW $6 jS e tf v 5 # * > h £ b 
t 'j? ^ )v x ^ b *S % \z. n e ft . s r £ ^ ^ , # ffl t * s Q £ v /h £ , t> b < 
BiO*-4^S V4 0 go y 9 if * > h * ffl ^ £> ft ■ ^4;PX<at98JcDfSi*S,« 
^ ^ T ffi B f & Bgl I *r *f h t" 4 H J nd I II * -f h b S £ *9 2 5 0 b p 
fid tnrtffcwiLTi!ft3h«, 
[0157] 

ffl^*dt!&*Rri6T*o, Laiaasui, r <o j: ^ a iw » hb a , £ as £ 

»f:Iftt^fe©t LtSt$ti5 0 * B © H to jflt , j?uasV4 0tL<ll 
to © C ^ )V X ( M A H , # "J n — -7 , 7 7 y . rpv) jR^SfiflSht, n H ft 

li * s n <b t ^ r n * t ± 0 * 2 n x h a ^ 0 

ft: ft - ft ft £ ft Jg ^ « t ftf ©liTlHlli + »i:tfftS. 

C . if )l - ~f C <D S t r e p t 0 c 0 c c u s equlsiB|]ls*OK*7-fe^ft*#ljt«**ft<0 
S IE H A > ^ - if CD iji jR 

n-F$nt?>Af , » tt 3 ft fc seHAStt , 4 1 7T^f| 
f 1 : 4 7 , 7 7 8 , J: tf P I : 9 . 1 ) , T & 0 . U S S fit« S ft 7 5 'J - © 

^I'TgbiSO^ 5 ( [*d 2 ) „ scHASkt , S ft SDS-PAGE CMr-42 kDa) tC 

ft V* T , * # tr_ 31 < & S!j b fc (B & * ± 8 ) . 
[0159] 

EI 8 , am scHAScd 1»Jl©tt»*ffl^fc9 3 l .7*'"> ta /Py ^ 5^ *f & if 7 
7 H ^ L t t> « T * S 0 fflil is eHAS ( E : U — > 2 , 7s *3 <fc 9 i b < s 
pHAS ( P ; V — > 3 , 6, 8, ^ J: ^ 1 0 ) ^ ft* — ? C ( C ; V — > I 

) b L < t± if )V - ^ A C A ; U — > 4 ) hi/ 7 h 3 y i AH* i tfE. c o 1 i 

(9mg/U->) tt , il 7C SDS-PAGE J: tlf — h P iz ;i/ □ - X ^ « X k ^7 ho h 
7>7V7i:±DJ)iSnfc. n h □ ± )V u - x co x h 'J ^ ^ t4 > V o — r * 



( G3 ) #^2 0 0 1 - 5 2 1 7 4 1 

ft . £K h CO spHAS«« »' * C fc W S3 UG» ■ ftfliUfcTVUir'-xa > K * fr* T » 
¥3nfcfcOil/tS«Sftft, nN-f >^^f-FE lw -T ltl ( U - > 1 
-4) : C-JK^y^H (l/->5-6) ;S4*>/^ (k->7*±tf8 
) : a * * + * K ^ ^ > ( ^ - > 9 ft * V 1 0 ) • # ft a I gG t> b < (4 ^ ^ - 

ft ft fc . 

[0 16 0] 

seUAS43 J: tf spHAS^ > A 2 (Hf, )fc HI ttJ « 16 0 8/8 9 9 , 94 0^ C 43 ^ T S ft 
ft „ ) t3-Ff 5I!?IH. 7 2 XH--T»^fc. seHAS© iS»ft4*>/ 1 S? 
Id«tt. ftSc^V/^ttftiORSftfcJ: B**3ftt(«8). E. colirtT« 
ffl * ft & ft » A a cHA S , ife^^>;^iLt)HrtTlE]iR^n C t£d 8 ) , -f > 
tf h P T UDP-G1 cNAc*5 J: «UDP-G1 cAfiO S ffi T , # tt * 3 ft # fi « II A Sr j£ 
L ( ^ 9 ) . 

(0161] 

W 9 , seHAS^ cfc tf spHASKI i D ft £ £ ft fc H A W it < X <D ft # CO J£ JC ifi ffi 5* 
m ^it, im liSOseHASfe L < BspHAS* td^T4R. col 7 ^ 

U ^ — > a >fc)8t3ftfcJ:5l^ 3 7 t tl. 35mM O UDP- [ J A C J Gl a A ( 1 . 3 X 
1 0 1 dpH/ nmo 1) *3 J; tf3. 0mM(7> UDP-G] cNAc £ & I~ « ^| £ ft it . :tl^IH 

Jt a . ft ?n©Km«© i sfiio*s^f>«) ¥ e*a, o . 5, 1 . 0, & 

tf 6 0 ft jft m <D U W ttSDST jSL t? £ ft , Sepbacryl S400 HRT J P7hyj7^- 
£ ft £ Q HA*>/t?ll» A 5 A^^Sfil ( ft \M 1 2 - 2 4 ) ^ O H A # > A' 
f , &^|ij^^^HAco/^-ir>h-CS^^$ftft:* S^iOSRl© hwfiH 
, y-JVYJl'f 7>J f Al/ - f-)l£X + i-y!?U>?S8 (Wyat t Technology C 
orp.) £ m H tc 3'J CO % JR 45 ^ T [S ft S 2 ft & H A <D ft ? g ( 1 0 0 7J 41 : t ft ) 

seHASCiO (Jft*u S ft , 43 «t tf M _L & ) 4$£tfst>HAS ( n *L > 
ft, ) CiO, 0, 5» ^*L) , 1. 0^ (et^ft, J» IB ft ) tf 4: tf 

6 G 5M , SiHft)tft^^nfcHA^^<Xff)»^^^, If S S *l S J; 5 H S S 
ft X ^ S . seHASfc £ tf spHASte . £i tiff 2> 11 A tR <D Jc & H <D & 16 }Z & X * K &} 
\Z ^ b Z. «t i> #r ^ £ ft . seHAStt. H Ag 4 CBilZi^T, spHAS<7)2 



( fi4 ) t$M2 0 0 1 5 2 1 7 4 1 

ffif CO m S * & 8 

(0 16 2] 

A n -*f H - ^ C ft D 1 8 I ; (streptococcus equisimilis)ti, U y & 7 

x7-^:^3 U?->3 Af bfc, E. co 1 i^g i I* Surc£> i: XL 1 Blue MRF' 

, 5 t rategcnc^ 6 , Topic F 1 *fe »± Inv i l rogen A^j « © * * B fl& fc tt fl rt* & 
^R(3, S t rep t ococc i tt THY ft T » * U . E . coliWtfcttLBttMiTiBSSSftfc. 
PKK- 2 2 356 S ^ * ^ " f* , P Ji a r mac i £ , P CK2 . 1 9 n - n > ^ ^ * ? - 1 n v i t 
rogen** 6 <0 fc <0 T? * 5 . ^U, ffi fff {t S ft fc X 2ap T * Bam HI/C I AP^ * # - 

[0163] 
C , 2 IR»ADNA^ct^^n-Z>^ 

Caparonis ^ 1$ S c o I t « ^ j£ ( 3 * # t *5 V> T to ) I; J; 0 * B 3 ft ts ireptoc 
ocens equis laU is** £ <0 ffi # ^ B * 0> ^ ^ A D N A tt * S an 3 A 1 ¥ %j it -f X 
2-1 2 kBI:8»iBftStlji. ffi ft S ft fc D N A tt , X * / - }V T it l& 2 : ft , 
ifc^^ft, Bam Hr/CIAPA Zap 5? ¥3 ^ * - IC 3 jffi £ ft „ 18**lfcDNAIl 
. Promegafr 6 A T- L fc Package ne 1 "JlH HJ » i ^ I: 7 7 - 7 F*l K © ?? 2 ft fc , 4^ W 
Sht7y-^7< ^5»JO*Btt, Tg i 4: L T CO XL 1 B 1 ue MRF ' E . c 0 1 i £ ffl 
^ T ^ X y £ b tz D 
[0164] 

c . 3 x ^ v x * u ■< h p c r m ffi 

f y 1 ^ 1/ ^ h^U^XiJl'^^tMi, spHAS (S I rep t ococcus pyogenes) , D 
G42(Xenopus laevis HAS: 1 9) £ J: nodC (Kb J z ob i urn mcliloli noduJalion W 
)<0*W«ftESftfcpE3SJ*aflittT»S-*ft, » M £ I . T CD D 1 8 1 '/ y A D N A 
iftKPCRKBOfcftfclillr»ft, if *£ <3 * ft tt . 3 4 it "f V )\* 7? , HtH) 

. 44ti»ra, 7 2 ti . 5 at m tt & o > * o) » , 7 2 c 1 o »m "e8*«# 

* £ L fc ■ ^'J^^^l/^^F 1IADRF1. 5 '—GAY MGA YRT YTX ACX A AT TAY GC 
T ATH GAY TTR G G — 3 ' ( Sd 5>J » ^ 2 0 ; -fc > * X h > > H ) li , gi! ffl D ! * 9 RCL 
TNYAJDL C BS m * ^ 9 : spHAS) I: |S 3 t * . ^Urf^^U^^P HACTR I , 5 ' - 



( 65 ) m< 2001-521741 

ACC WGT WCC CCA N T C XGY ATT TTT NAD XGT KCA- 3 ' ( S3 #| Sf ^ 2 1 ; 7 > T 
t > X X h 7 > H tt . M^C" T I KNTF.f GTR ( IS *»J S 1 0 ; spHAS) C ftj ^ i" 
4 . I/ 1 * < © fir S 13 ** ■& J£ S <£> *g ii-HJ . givt^gts, fit 2k M £ » fc *b w 

[0 1 6 5 ] 

5 I 



IUPAC K-fllS&fcS 



B 




C+G + T 


D 




AHG + T 


H 




A+C + T 


K 




T + G 


M 




A+C 


N 




A+C+G+T 


R 




A + G 


S 




G + C 


w 




A+T 


V 




A + C + G 


X 






Y 




C + T 



[0160] 

E ft 6 ^ o CO * U zf X i? V 7t * H it 4 5 9 bpl'CRK»ft««L&. -t ft tt 
r^fn-^ yjHtaSatl. * U T B I 0 - 1 0 I G e n e c 1 e a n * y h * ffl ^ T ft Sf 3 
ft , * ^ T . «r:«7^i/^>h«. Si jfi # co ffi m b fc ? T , £ £ b tto 
P 1 OF ' an J9g S n . PCR2. l * $ $ - M \z {? u - ^ y ¥ 3 ft fc . y^JM h v > F 
i H D N A it , QIAFilter^7^5 K M i d i ^ y h CQi agen) 6 ffl ^ T E. coli 
(TOP 10 f ' ) * » * ft . HTl:*tr. ocDftncD^lgi£>X^^^^- ! t>^ 

fc^Jft^ftfc* J1AVAFI, S'-fiTN GCT GCT GTW RTX CCV WSX TWT A AY GAR G A — 3 T 
( BB m # ^ 2 2 , spHASCO * V s * AAVIPSYNli ( Sl! 5»J -» ^ 1 1 ) ffi ^ ) ^ J; HAY 



( 66 ) 2 0 0 1 - ft 2 1 'M 1 

DFU 5 h - GTX RWT GAY GGN WSX WSN RAX GAT G A X GC- 3' ( ffi fl[ * 2 3 . spHAS 
CD V 0 11 DDGS SNTD ( IE « # ^ 1 2 ) * £ «3 t T £ > - - ^ CO Q ^ CO T > ^ iz > 7s 
7 -f V - ^ 4 5 9 bpCD P CRM ft <D S3 W t V T & £ tl ft „ ih6BKT©aiD 

T ft 5 □ D1S J . 2, 5 T G A A GGA CTT CTT CCA GC G GT- 3 1 ( SiJ ?'J # ^ 1 3 ) *3 J; 
D 1 S 1 . 4 + 5 ' - TG A ATG TTC CGA CAC AGC GC— 3^ ( BE #j # -SJ 1 4) * DlSl^/AD 
N A £ « te f £ ft tf> K D 1 8 1 . ?, b < 14 D 1 8 1 . 4 <& ^ f tl t & \Z m ^ 6 tl ft « <i . 

PIO(DPCRS;fetti?D-->y$n, hiEiBfll©^ h ^ -v" £ ffl ^ T BE 5U ft 

s ti ft o & p c r jfp. m co ft \z , 6^©aas*D->^e.Af^£EMi4, 

fta*SE5!ISftifcftlctt«Sftft, L ft «t -j) T . a * tt * 8 pilASi: ffi H * ^ 
a x - £ ft T * S ^0RF£ ft K 1 04 2 bp CO BE £ A =f- L ft n 
[0 16 7] 
C . 4 7 -f 7 9 U X £ U - - > ^ 

= ^a-^ii5-f 73 ij £ x # U-=i>5 r Tftfc«&^ffi^e>tift- i? 

□ — n > y 3 tl ft 4^9 bp© PCRM *J fc , * »J =f * 2? k ^ ^ F D18I . 5 ( S" GCTTGATA 
GGTCACGAGTGTCACC — 3' ( HE M # *5 1 5 ) ; 1 042hpgB #1 ^6a»ShftfeW) T 
5 □ 459bpftPCKjS46l£* Prime-] t 1 1 7 > 5^ A / "7 -f V — *g 38 + y N (S t ra t cgene 
) S: ffl , S m <tf to ¥§ K V ft a* -3 T , m W * * A ® f7 ^ ft , * U s 1/ ^ 
H 14 , [ r 3 1 P] ATP£ JB ^ , Kinace-It Kinasinc K it ( S i r a t agr 11 h) \Z X 0 « Sft L ft 
0 JS W *S « MS 3 tl ft m m H , NucTrap Push* 5 A (Stratagenc)fc: *s T#*** 
a^6»***lft. *U^^P-^JS, iff - >y □ 7 h tt©Dl8iy y Aifift* 
t « W W fc a < y 'J y < X a ti ft . ^7r-y7-f ^7»J*^5 , J-->yt* 
ft AC, BR S ^ tL ft -7 t - > : ^'&tJz:hP't;i,D-xj|g_hcD?5± (UOOO^^-.^ 
/ ^ U - h ) ifi^ G 0 TC T ^ A < y 'J y < X ^ tl > * U T 5 ' * « S ft! IK 5 tl ft 
^U^^^U-d-^KDlSUSi, Qui kllyb Hy b r i d i z a t i n n » ^ ( S t r a t age n c ) , 8 

[0168] 

* , IB, tit 1 1 5 5t . 2x SSCA y "-7 7 — t3 J; I). 1* (w/v) SDS^ ffi ^ 



( 67 ) ^« 2001-521741 

S tl , 6 0tT30»W, O.h SSCA* y V y - & i 0 . l*(f/v)SDSft ffl 
T ifc » S tl , RS5n, *LT-7 0 , C7-«, Bio-MHji MS7 ^ A A I: S 5 S ft 
fc . itt^^-^ti. 'J7I/-hSh, * L T 2 K W * 5- U - ~ > # * ft fc - 

^ ^ - ^ 7 < y - i * c ; ii e o 7 7 - y i:^ ^ p c r li, 3 ^ <d ft & * » 
Aftf-f 6 rt> K L fc . 

[0169] 

f; 1 - t. {? n - - > if t± titz l o 4 2 b p CD ffi 9U ft i% 6 IS tt 
6 <D 7" 5 *f V — t CO £ * tj * T <£>PCRte . £ ^ © ft & ^ 7 7 - ^ (?) ft CD - O /: 

+!■ -f ?C B . 6 ♦ 5 k b T ft f: « ^5 X S F ^©*At©it7J P - — > oo S3 
^ tt , ^ p - - > ^ L ft IK ^ ft t 7 r - ^ 7 < ^ 7 U © I 1 W ft ^ 

UfcKJfcO&arftfc. L fc 36* o T > FCRX h 7 r y K , ORF0> 5' U ± 3 - * S 6 » 

5 fc 46 c * n ft a m tt y r - i? d n a k * ^ x n m m m a ft fc * * u =f s 5? ^ 

J- H 9 -f -7 — Dl 81 . 3 (5 1 - GCCCTGTGTCGOAACAT TCA- 3' ( fill 5»J ffif ^ 1 6 ) ) J3 J: 
K D I 8 1 . 5 *5 £ T 7 ( ^ * - 7 7 -f T - ) H 2 . 5 bp <D M « £ i@ L fc a ORF CD 5 ' 

* * u 3 * * « n b , e, ft s - ^ go ± is a ^ * sd m ik a r » c t c <t d f# ft fc 

. £T<0PCR£tt©e«<Z>#4Trtt. [U4bp<aseHASftS^<&0RF*FJ$j6T&£<i: 
ft WHBiLfc. 

[0170] 
C. 5 seHASW ?& *3i ^ H — ~ > £f 

^ ' * -f ^ - K tt , ■t>X*U^5s>l/*^PC4i^ SEcoRlM PS -f h (5* - AG 
GATCCGAATTCATCAGAACATTAAAAAACCTC- 3' C ffl # ^ 1 7) K :*5J;tf7>^-t:> 
X ^ U zf X ^ ?J" 5^ F *5 £ Ps I 1* -f h (5 ' - AGAATTCTGCAGTTATAATAATTTTTTAC 
GTGT- 3 5 (E#l#-^ 1 8 ) ) *ft tffc* fc , seHAS<£ BB»4iJ;tfft±n K >TSff 

£ ft fc * :n^^7-f Y-a, n^&Ar/yy^t'-ya >ffi«©77-^ 

t Rl ft t: , DI8iy / ADNA^^l. 2kdPCR# #J & « ffi L fc . C « 1 , ^kbj^ #j f4 

, yflD-x'/jnaaufciDJissft, p s 1 1 ± ec ori -c m it z n , p a 1 1 



( 68 ) 0 0 1 - 5 2 1 7 

- *5 J: tKEcolU- TSit 2 ftftpKK2 23^ i? ? — ft \Z , » W fc £ P - n > ^ 3 ft 
& o v < ^ - h 2 ft ft ^ # # - , E. i;n 1 i SLRlStt US F*l fc *g A £ ft , * b T 3 0 

JB h b < fit * D M wa ffi T tt # a - - n > # £ ft & m A W A* ffi ft a ft T b * 5 e 
-if $> a 0 n d - -BflUS Ji, * « pDN Afcfc tt M 3 ft ft . 6 © □ d - — ( a , b , c , 
d.e.Sitfftf 4) <D f*J , 5 -J ifl TF b vwj -f X <D » A #J £ W b ft # , — o tt Jf 
A % £n ~j> fc . 

[0171] 
C . 6 HA^>J-«fitt 

-r^ftfc, * » a u y -7 x -r x m m ^3000 g a m z n , 4ictpbsh j; otf ^ 
ft , b t am a a m # \z *5 r & < *n e ft x ^ * y u h -/ 5 x h s « ie b ft jj 

ji^cfcO^Bdcfftfco Streptococcus pyogenesfe i ^ Streptococcus e q u i s m i ] i 

^tlf; ( 3 7 TC -e , 50nM U > gfe jr h V O A *5 £ * U C A , 2 0 m M « Mg 

CIiTp H7.0, 1 m M DTE, i 2 0 u M UDF - G J c A*3 J: 3 0 0 il M UDP - G J cNAc+ T , 
» * 5 ft ft . » R CO £ W « , UDP - V + C ] Gl cACi 1 8mC i/mmo J ; ICN) J: / S ft 
13UDP- [Ml] GlaNAc (29. ZCi/nmol NEN) £ ffl ^ £ d £ fc ± D n # - £ ft. ft Q 
R JlK »± , « * « j£ ?F 2 % (w/v) iTOSDSfiOSiHiOttYStfe. COH 
A tt , TB8^-rt-*P ^ I" 9 y 7>f i:iD«H*^6»KSn t £ « * ^ 

T*sftsiftw»iSttS:8£a^r*e: t \z & *j m m s ft ^ . 

[0172] 

c . 7 '/^Sja^ff 

A seHASfe b < tispHAS^ ft toBC J; D t H3T*14hfc, W » 0 

SJi^ftfcllAtt, ScpJiat:ryl S500 HR (Ph a r ni a c i b Biotech Inc.)©* 5 A (0.9X 
40cm) l;J:5?n7hy57^Ki9T ^ $ ft ft B 3it^(2 00mM KaCl, 5mM Tri 
s-Hcl, pi! S.0, S £ l:: 0. 5XSDS4* l£ 0. 4nl)tf , 200mM, NaCl 5tnM T r i s-HC 1 r «3 J: 
££pH8. OX ^ ^ ft , O.SmltDS^^, 1 4 C £ * ft B M 1 © & It » ffi ft W fflft 
^ftfto Xil;©HA#lffi^ t 3 7 < C3P9m. S 1 r e p t o my c e s hyaluroJylicus(IiC 4 
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.2.!.l)<DHA«B»byAD*"h l J7--lf-e, 3 r J H C Wl E J: 

offisnt. * u t m ft nt , y a at m ^ a a n t „ 

[0173] 

C . 8 S D S - V A G E 43 £ ^ X X ^ — > 7 D y b 

SDS-PAGEte . Lacmnl i f£ \Z X 0 tr fc> *1 . ^ h Pt Jl D - 1/ J Hi h 

v > X 7 r - fit , Blo-RadS Z h 7>^^n y bf;H X4fflViT, 2 0 % * £7 
y - Jl^t ^ i: g * -/ D 7 f > y A + 7 7 7 - ft T fT t> tU: . ^ u y h ttTBS T 
2 XI)SAtftl;yPy JJftft. ^Hr-f >A/G7 ^ A 'J 7 7 7 ^ - iff! ft « 

(P i f- r c e) *5 <fc U ~ h D V — x N * V U ^ A / 5 - ^ P ^ - 4 - t? no- 3 *f 
> h* U JU 7 * * 7 x — h p - hJV^^>t^, «IUOfta6l:ffl^6 ft ft 0 

[0 1 7 4] 
C . 9 D N A B2 45 J; £J< *f 

^r;X5 F tt )fc « H a ft fe * ^ ^ - ^ 9 X F * ffl U T PJ X N7>HftKW 
*)EShfc. SB m K K 14 . » ?£« I« ^ 7 -f "7 - (7 -dcazaG t * K ) <D fc » 

, Thermo sequcn as e 1 " ^ y h *1 ffl ^ ti T tr *-■> n fc o tt tttt * V t — v ^ y ALP 
X # X ^ V X DK A ^ - ir > V — _k T H 51 * fflj £ ft , x - ^ fcl , ALFV^-^^-V 
7 hv3.02t±55>ttSnfe. W*Aft«0F*j3IIfH«tt. AB I ^ U X A 3 7 7 ( V 7 b V 
x 7 - - V s a > 2 . 1 . 1 ) S/BI,iT<>^>-tJ^7-f Y-i#i:E«»SSn 
fc , I ^ tt O M ® , Sequenase TH ©7-fJenza - D N A# U / 7-i ; , 7-deaza GT 
P V A & — S v # X (USB) , &J;£/[a! — l5 SjdATP(Amersham Life Sciences) £ 

m ^ x ^ » x s m m & je l /c . » 6 n fc e « , dn as is, v 2 . 1 c t * ? ■/ y h v 
^ h *s J; u r * j n m n a y x > a > # 43 x zs m co f - ^ ^ ^ x tnt ^ a © 

Bl! <h It £ *t . 

[0175] 
C ♦ 10 scHASa;|^^ 

seHASO m i£ , spHAS, DG42 ( |W » © Si fill 3 ft ft X . leavis HAS e & & £ £ tf* 
m ft. 6 n T *5 t) . iIHASi ) & ^N'odC C Rhizob i urn j3 -Gl cNAc 
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a XlHASfe J; OSNodC^ > /<! £ fcfc . spHASK#U, ^- ft * tl - 5 Ott *3 <k t£ - 1 0* M — 7t 
A S . COX h7T^lt spHASi; G6. 435 R — « SB ?J S * T 3 45 9bpPCR£ ft * f# * 
:nByj^/A (spHAS) HA^>?"-tfifif©^J^yc*€n^^ (scHAS) 

4«wa*nfc: tsjit. f it» nt c o s * a 3 - h a « f± . m « © p c r 

y M4 , y y A d N A 5 S ^ /j;0RF* JS i f ^ t * t; ffl Vi ^ n t □ d co i . ak b <d 
PGR 7 ^ if * > h ?S ^ * * - pKK 2 2 3 ^J t * ft T *5 9 , f L TE. col i SURE 

«a m & iz « a £ ft & bs k , HA^*iit*, urn 2 ft ^ *o (D ^ u - - co 5 & 
6 s * sg $ ft fc m w c * n -t * ac a ft ft . 

[0176] 

W*ff^£ftftitCT^ORFtt;, ff«ftf ftt4l775 y«0^>;ti7 43- 

^ CD 1? « -3 ft B — T3©JB«B:CO^>/t?tt, 7 2%P1-T^0s f LTISSK 
?U t' i5 ^TB 7 OXH-TSS^fc. s cH AS £ > f\ i? CD -f fti S tt ft # ^ ft , 4 7,77 
8 T & 0 > fiBSnfc«iAlt P H 9 . 1 T & £ B 3 O CD jfi ^ M g 5 ft ft iffi ft S3 <0 

(cnuHAS I , [nullAS2. nuHAS3, 2 ) \t , Aj? r U 7 ? i H-T? t & , 

- -O CD ^ ;p - y m CD 3: * £ L © f@ |q ft it , Q , S K s eHAS £ *5 it 

4><075>/»#, * Ik OHASSj <0 * tl fc ^ &r 7¥ ft : £ *T T * ( m Pi it , K/R 
fcl< HD/EBI*) . A98R, P BCY- 1 HAS 14 Iff ¥L H ASJft? C *f U T 2 8-3 3/1 - ± > h CD 

ffi ra ft t * l , *UT»««i=*wsM«©h#py-*#-ra. w *l » a ft *c 

ti ^ T , M U 7 y ^ U - o ^ > ;t - tt , {■^i:/^^5u^t'tgf^"C 5 Sj'Sj C « A tf , nu 

HAS 1 <h liuUASH4 9 5%^tBl^I j 14^^<0, ni u II A S 2 t huHAS2 i tt9 8 

T ^> . ) u L*Lft 5fft ft . *bTBI3 RlSt±3l: ( IkI CI^TS^Tfc, ft 

7 a U - X >/t-t^, ± 0 » ft -5 (M^K, mulIASl i: muHAS2 t f4 . 5 
3*CfBHflTf»D, rrt u Ii A S 1 tmuHAS3iTtt5 7%<^ffl|WfttT^O, muHAS^mu 
HAS3if4 71S!©«IW&T?A*. ) . 

[0177] 

PS 1 0 a . s eHA S CO ft at> CD -f H n /\ ^ — / p v/ h if 83ftSIHh*D^- 
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&7&^%Wfo& 0 Streptococcal^^— ^Cc?^HASCDfcitajM7Ktt7 F 'n^ h 14 , 
Ky left J; iXDoo J i t t 1 e O 27 f£ (J . Hoi. Biol, 1 5 7 , 1 0 5, 1 D82)^J;0, DXAsis* 
ffl^Tt^ftfeWTt-sft, ^ > A 5U i , 4- ^ U m 9 > ^ P ft C i T- M 
S ft & . 

[0178] 

N 1 i tt , ft <E sellASCD h # o v - « mm CD fc * CD ^ ■? )V & T & O T » 6 
a 9 > ;\ 9 <D ft- * ffi 3B £ *i fc h # P v - » , ? v - -f > ^ - • JMcharge-ln r 
ule)t: L /ct)U^ ^ ^ U *P !k CD K * *f > * 1*1 ffl'J \z A tl T ^ 4 , Z. CD H ;* < > Hi , 

a o ^ T CO HAS 7 y i ij — <D * > A - \Z ft U T * 7? $ n T V* 3 , s e HAS '1 1 <D Cy s 1 1 6 

ffi S ft 5S » T ft ^ , * & m m a , BSt^QftSSftSHASf 

[0179] 

sellAS© & 56 K 7- & £ tl 5 ^ CO m <D b # □ v - tt , spIIASft J; l>' ^ ^ T 3! S ^ 
n T ^ « * * tfe CD HASSg <Dfc(D«hiWJ«T ! ftfc 0 ?>/t?B, y$/**||e$5^T 
-^«i^hcoiraH,M>^tls At * ^ * ^ T2-3© K & L 

<t4KIWI*>t-f>*:rrT*. ~^CDSteptoccocal»*^ft:a6^/\'f Fn/ty-^ 
Dy h«t, * ^ _L m — T * 0 , ^ b TsfiHASK *5 tt 5 K 3 1 ! - R 1 D e ( spHASfc ft 
■5 K 3 ' 3 — K 4 11 * ) X CD - 9 0 « » CD ffi ^ T i* 7|c ffi © «R « t" t-Wt ^» hi|?D?-(Df 

[0180] 

seHAStt, li, coli ffl ffi T I K f: ^ S L, fe , SUS-PAGE^r ;p © ?fc ft (H 5 ) fc 
£ Z> m m t L T % ^ > A // CD « BS 1 0 % #seHAST & S , 4 ZkDT © »M * s eH 

asm > h *t . < ? ? - « « n > h d - jh/ - > f: ^ u t . s w * n x ^ ^ 
— feffl^fc, s p ii a s ft ^ t fc a £ ti r ^ a . 8 % « ftgi 9 > ^ 

E. coli SURliffl ^ spHAST » S „ — ^ , ^ ^ - Zf C CT) O s eH AS CD ^ 
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£ *l 4 . I*. coii SURIS»| IS ft IC * ^ T £ « 3 ft * »fi* AseHAStl , -f > t: # T H 

a * -ft j& b & ^ „ r_ n ta , z n s co an a # , & 2 n £ s st o - o 7? a sudp - g 

lcA^. / XjLT^5iEe^6T*5 ? Ua & ^ ^ , & SS x. s ell AS ^ >- £ $ ^ 
W T £ fit tt , 3 StUDP-Gl cNAc# J: tfUDP-G lcA£ jg W 2 #1 fc « ft « , HA^&^f 
& ( ] 2 ) ■ 

[0181] 

as 4- & t> m Jte * b < tt ^ i? y - o ^ $ ir she us ^ £ as ©sftfcE. coiiJK (eo^g) 

tt , 3 7 TC 1 B? IB , 7 00 // M « UDP- [ 3 II ] Gl cNAc (2. 7 8 X 1 0 3 dpm/ nmo 1 , B \® fa , 
M PS ft ) , £s J: « 300 ^ M(D HDP [' 1 C ] Gl cA ( 3. 83X 10 u dpm/nmo K SA, H JD $ 
::Tfi«lfcJ;5 1: 2 0 0 /i 1 (Og«««l:t^T, g ~r £ , * S Jfc , 
5 mM<Z> UDTAO *iPCJ:Of?JkStta.JE«iiBft*©¥»tt< 3 7 t) 3 
El? frl . St replinnyiiesCO t r D — y — S nfc . 3DS C2^. w/v) *a , h T 
p y - -tf Sfl JI (SA, O w ft ) ts 4: * « a w » c s A * Jtt m ft ) K * Jin £ ft 
, 9 0 V. 1 H# m /J0 & 3 ft ft □ W ta , a5A/t!y7 7- (Sni!l Tris, 0.2M NaCi.p 
H8J1T 5 0 0 ;/ 1 's # *L S ft , it <i> SI K J: 0 iS 93 ft 3 ft , * L T 2 0 O //. HJ 
Sephacry 1 S- 5 0 0 HR^J 7 A h E < > v x ? FStlfi:. » M < i m 1 ) \i ffi * S ft , -f 
LTttS#ttffitt#ai5£3ftfc B BD*t , ^;l/"7 :r ^^N^>©e-^®mte^^^ 
S (-niO'DA, Pharmacia) 0 Vo^|^T^*«^EU V I 
ft 81 ^ i3 T q * 7 A ft CD H A iU 00 ^ tt ff' t ^ £ ft £ [' 1 C ] Gl cA : ['II ]G JcNAc 
It * \t , 1 . 4 T & D , ^ntt^.O^SS(?)K^(D^ftCOit?t^-T^^ B 

l ft ft* o r , m m \H k s n a m m « "& * it ta , s ie & h a t ^ s ^ ti s t <d t 

m ffi (D 1 : 1 T $> 5 e ^ i/ 9 - ¥ n 'C h 5 > X "7 * - A 3 ft . fc jfffl ^6 tD jR ta , 
[0182] 

12 0//. M <D UDP- Gl cA*3 J: 3 00 m M CO UDP GlcNAcSW^fcttft, HA-TrJ^Hm 

9 > a j ^ g i:*^T) fc a » p ^ t? ^ o , * 5i> a < fc t> i Wf ra « 

^ ^ £ . * fc . » h fc; tfe s ft x n a ^ itffl s@ ^ 6 , t) l < ta ^ $ $ - n^oiwrn 
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EMAi: * V - h it C ^ > h U - )V © < h % ) T £ tt & , L < » O © S ■ © H 
T 41. ^ ft ^ £ ft & ( n > h t n - )V © - 2 % ) « £ , ll A^iSBSSJti^c 
811* scHASfc * , »>^^*^H3£*5^©WJ«F*tL%W*tt**U, CO 
i«0)SI (3UI) (DUfn^ift t. UDP-GalA. UDP-Glc, t> L < tt CDP - Ga 
1 NAc© ^ T ft £ 4t ffi ^ T £ ft ^ * 
[0183] 

yju*is^«f*a«t l t x ^ si 5 ft & Bt \z & » & s chas \z i o ^ eg 2 n « h 

A©^i^ftB5-L0Xl0 fl DaT££ D ffij$7t$eHAS©0Wte, S^J^itl^MM 
^IJtfcLfellEHATS^: t , *5.tcX»je©StreplonycesOt7Jl'n^if — 

SlT^UC ^^^b 6f ( if & ft . — ^ © Jg M © ~ 90X3WH?«jftlC^SnT 

^ fc . ) , m * b n a m © * * © m £ ^ » * & s c a i+ fc . t; - ^ © # a a , *<j 

36, 0 00 © J£ $ft CO fi# m & O # U 7-T?»67.5X 10 c Da© H A * tc ffi 3 f £ * HA 
■9- -f X* CD » * 13 . 2 - 2 0 x 1 0* D a GO ^ © ^ © ft 7 A i: ^ *3 # #T S ft fc 0 
[0184] 

s eHAS 00 ^ * ft S ^ > i? © E m it , ^ A — */ C # > ;1 * t 32 l£ JE ^ ' ■£ fc 
ft © spHAS.^ >/1J<OS#«(6Ai:± t)iBSn6(l!l 8). £ T © spHAS^ > M # 
C » r « , L < s pHAS © * A H ^ ^ > ff W K » -T 6 # U ^ n ^ «[ # * 
fc . s e U A S # > A' ^ t Jg JC t £ ■ s e H A S © C * t~ jtf T £ 7 > ^ ^ ? ^ H #l # fct , se 
HAS ^ > /1 3? 45 Vf Z> H © ^ < B^S&^SH4i:^f L^^o L ^ L&i^ 
, spHASO Sd^J © E 1 1 7 - T J 6 1 tz »T 6 7 > ? ^ ^ ? H Ja * tt . seHASt*SW*H 
D x* ft S t ffi ^ n -5 fid W ^ S L fc D 7 > ^ ^ ? H ta * * & v 3 t r ep 1 0 c 0 c 
calBB \Z js 0^ T Sf £ © seHAS^5 J: ZS spHAS.# > /V? t S j£ L , [it] S A* £ © H i M 
^ ^ ^ ffi m A BP * 59* W 'C-f-f XT?»5:tSHBt5 B a pHAS * > ^ * © ± 5 
fC . seHASti SDS-PAGE.h *ft^&i£lgT#St?1-^ e * 5 tl fc ft AM 7 „ 7 7 8DaT ifc 
5tt)**b5f , SDS-PACEf;i:5M r ^ - S b X - lUDaT ft I. 4 
[0135] 

— SH W © ^ i*i gB ^ H < > © BH m © R - tt ft ± tf 

ffl*n*tt»©£#MftPi — *£©&«>, ii 1 J 7 - t [ 9 1 s * k *r h 9 > n $ if# s 
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V* T 31 IT £ HAS i? > n$ ft fe A \Z , BTft LTD! ^5 : it* 4. Z. ft 7 ? U 
- T £ HJ £ , ffl t& A spHASfc L < (4 seHAS<£> * jt f*j |hJ - T & £ S £ tt , flg 
« , 11 A £ fig CD frj JH CD i£ £ £ J; H A £ % © V -f X CD i> * tC M L T ft « 2 ft ft . 
[0 1 8 6] 

spHASrSSftfti 3 t, scHASt' J: £ H A $H © ff f& "/ P -fe > -/ T & -55 „ m 

* * □ v a« ^ r , n a « ft <?d « ?;j © > k o m , to sg k & v> T fi jfi 2 ft * 

HAja^^-f X^»*^^^1^:^i:J; [3, seHASfe J; spHAS t ± £ H A ft E 
©j^l££tt&T&;:^l4Bl^T&£. U * ft ^ <5 VC & £ H AM m ft *t X ft V 
^aa»W«r*flli:bT> *4, seHASK «k**i9#fia«^, 3 7tK«l> 

r«99,00 0*«/»T**€. t '£?E«|»UT^SCH9) % 5 » M T > 0 3t (4 5 - l 0 
X i 0 fi Da© H A m & m ; ft tJ c: i a* T * £ . L fc 5&t o T , 6 0»ra©#mcj:D 
, §SS /'S, *(0J;5a*-3 3i0HA»T* 5-8(DP^*T, « ffi W ^ , 

w u , ^ti-, ^btftait^ *n at * v* T tt ( « a a , si 

» ) , Kf « HA$| W £ 5 * Jx Ift L T , s ellAS \Z J; 0 * i * ft & H A It -f X CD 5> 
14 spHAS£ it L T . fi^a«0«fc»ffLft. 6 0 » * t C , II A £ ft £0 ^ 
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U a seHAS# > ^ 4M4 , r (5 t: t 6 H A y > 
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V ^ © M # K 43 V> T = ft H ft S ^ fi fc ? ^ K > ^ 
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T f4 , * T # 8f ^ ft, fc * (D 11A S ^ > /X {? ** , SB _t 
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0 , ^ ft. t4 1 9 8 8^ K n - > y S ft , t LTiSf BS 
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> ^ cd ^ rr fc £ 0 H A > * - -tf ffi * 13 - F t 5 : t 
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A* ^ £ ft ft , 43 -t ft < , fill OX. Icavus HASiS g f ^ f <T 1: ¥ i $ tl 5 T ^ ^ ^ 

[0188] 

te (D M it CO ^ ;u , # CO & ft ?S » T £ „ rfthS. -/'.J ^ f y 7^£fflS tf.HA 

smi»tt, w m » ^ © w 9^ m ft + © ^ m c ^- <o * a ft * t> n & ^ unf , t 

t ^ 5 «n V *f R co X h 7 ? v # n » £ ft ft - * 31 « « S d5 M S ^ « *W ffi J: o< 
ft ± #1 HA S co * * tfj & m M , * t) 3 * 5 £ & i>> J: 3 g to ft & ** . * C £ *J 

He tt tt » £ a 

[0189] 

ha s co ft bb go 3 o co pjfi ?L y -i v if f Awuf n fcs f nSoilAiUD'-f 

X H 1 IT, ^ £ fl m 3? W fc *Nf & £ ft T V> & ^ . # ft < <h fe . 1 0 1H © 38 JJiJ S ft 

fcliAS?//^?)^ M ft h # n x - 7- R # > Hit X & Z d t ft 7- 381 £ ft 5 . 

H A CO j£ tt JR m n m *fe U , H A tt SSE # F*0 tC 4fc til £ ft £ tf* > h V < it ffl til [ * 7" 

fe ^ ft TfS -3" ft * t> l> < it M « tt co ^ u ir ;l/ 7 - n - h * fl£ Efc f £ ft 46 i~ 3* 

K ffl 6 ft , HASIt^»-J5Ht^lllt^ 
[0190] 

HAS $ > # <D#-1$ \zm&1t<V & ^ ft )V zs f > A ? tc *5 S ^ > M 1 i? 0 

h * n v - it , S«75n^M:SSt5H Ai*#KttR^CIS:^LT^ai^ 

o as ffi , ig g - m m t ^ > ^ * £ <a iE « -e & ^ , ^ « si ft +1 k ft m & m * -r 

^> ne ft ^ ^ . spHAS — 7 )V ii ij 7 * 7 7 ? - if ^ ? > ;\ i? ^ i> #f s ^ 

< ♦ tff CD $S * it , T x J 43 ± tR ^- AH , ^U^^^&t^tDFX-O 

K 1 0 *> ± ^ 1 1 tjjitiiC, ^T^iE^jt^S scHAS^> 

;i ^ a t ^ g- & * ^ t*E H ^ y > ( ± ^ > © - g 3 % ) ft * o . ^ ft a z: 

^<0*K»^BfBte> *5 <t tX H A & © ft *6 t S <t ^ ft S ~ ^ 00 y U 3 ^> Jl/ h 7 
> ^ 7 x 5 - if ffi ffi SB * tr d <t * 93 0 ^ "T & , itt *r © y 7 h T ? x T — ~f xi {f 
7 A ^ , S^c*»^a*tto#fifflrt©KttftH><>o*fe<fc^ttH*ffi« 
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tt as < r- m -r « d i *< t -a a ^ tc t ^ ^ t> & r , » * * n fc h # □ y a a* * he s 

> £ oo c * *g oo tt co * tr_ - 4 o « i D fi ^ , ^ ^ j [4 « ftf * fc ^ ft t ® ffl 
[0191] 

spllAS* CO 6 ^ CO CysJ^ & <D 5 ^ CD 4 ^ ft , s e 11 A ffi £ ft K W 2 tl S „ Mfflffitt 
CD g£ # [*J CD Cy s J 2 * (D ifl , HAS7/3U- <£> £ T © * > i: ^ H T ffi # 5 n S 

, « - * a. n ^ > v f x -f h fc L < teNEM£ -j» ft , X JP 7 b P 'JJ^E 

#J , HASS ttSic?<l*t^T, ' © « # 3 n ftCys# CO fig {4 K & 3? fc 

L<ttigTfe^*it#K^ fl l ^ i> ft a* & , ffi ft & m m ^ #s & * « w ?s a* s 

© «l SB <D ^ tt , spHAStD C2 2 5S^ S * « ^ « 14 T ft < , If * 3^ © ffi ft 5 - I 0 % £ 
[ 0 1 9 Z ] 

* W ft * L) * 2 U * H * ffl ^ ft sellAS* a * splIAS* ffl , fc b < » spIIAS 
* cfc ^ s pH AS W # & ^ - 1* T -5 t* Bfe K CO K » « , Ml 3 tfsSHT^* u 3 
o <73 > X - 7 > ? -fe > 7, ^ U X 0 U T FOflli, fill ?>J # 4 1 CD §d ?'J 43 
spHAS£ 3 - K T £> BB^I C *^ ^ T « » £ tl ft o sellASKdttJ <S^^^^>K ( 
sel-se2£5£t;scspl-sesp2) \X , H14fc^SftTV*«* £ tl & 3 O © * U rf 3* 
£ U ^ H ^ « tt . ^ - C (seHAS) (U - > 2 . 4, *5 J; 6 ) fc L < if )V 
— ^A(*pHAS)(U->3, 5, 4sitf7)(0^-j'tl^fl)streplococci»^©y> 
A D N A i « ft a W ft PCRJE Jft C?.^ T T i ? U ^ -f X S ft ft - V - > 1 43 <fc 8 

a, kb(^ u ^ - x)t ro^f is* «sb e pcRSrtstt, * £tkt 2 5 ^ 

^ TaqDNA^ U ^ 5 - if (PromcgaJ: 0 ) m ^ T ff to tl ft , DNA^a-ft^ff 

o ft &> \z , 9 4 jis i ^ ppj , a rf u ^ if -f v 3 > & oj si -r ^ ft 46 m a 

b T DNA^ fiR © ft tc « R 7 2f?T1.5^Pfl u PCKH ^ S ^ ®f « , * lr^ T? 1 %7« 

n - x y ;j/ ± e * »c S? I' cfc * Nl ^ n fc a 

[0 1 9 3] 

sel-se2y^-f ^ — ^ti, if )U — ^ C <D H A S ( s eH A S ) <D ft i6 3. n — ft ^ 
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K » S tlfc * spl-spS^ 5 *f V - [4 , ttJl> — 7 A ©HAS (spHAS)tf) ft A K ^ :i 

c^tf^nrc. s e s P i - s e s P 2 y 9 -f ? - a % — -?A&i.&tf 

)V-y C 00 HAS GO & ft BS 3*1 n # £ A -*f 7 U y-f Xt4±3 1= a« St £ ft ft - 3 

» a » *s J: Of / S & \t ^ :- - * 7? & 5 P CRg m <ry « £ $ * * - ht^WSl^l 

# S: U & o 

[0194] 

% W PCRt) L < HA< y-f -tf-xa >^)&86fcfflHftftS^-U =f 5* ^ U 

* ? F tt , 0 1 4 C ^ £ ft 5 B E « * ^ 3 , 4 , 543*tf6<©ftj«*«Jrf5tirU' 

t f f i4 , HH3»J*^i«ffia"J"«««i*3C^a?ftfc. - ft e> © us * a x * t : ^ a 

ft . * f L ¥ ft 5 *f V — s e 1 , s h 2 , s « s i» K *3 £ ^ s e s p 2 £ L T ^ — 9 ifl tl 2 ft T 
5 . ft 1 , "tr > X S l«r fc 43 tt £ / 5 -f v - S- L , # 2 tt T > T ± > X jb ■ |Mj 
tf)7 r 5-f , T^-€7P"j" 0 ^ C ^' U ^ ^ ? [/ t 7- F O & * tt , s eHASSd ?>J £ » .ft- W 
ti/W'/'J^Ub, b T W £ L t\ -fe > ^ / T > ? > X y 5 -f - - © # (4 la 
l 3 l;St J; 5 t , # T J * 5> - -tf m m E j& t' ffl * co \z ii T » & . 

[0195] 

7 tt > BS©Dtt43^T«St Sftft^HASt J: 0fthESftfck7Jl'D>« 
^y;l^^##r£^Tt>^T££>* s p 11 A S ( 7i: © va ] n F > & Me 1 1 X -f yf-Sh 

f £ UNA 7 5 ^ ;* > h tt , pYES/HA£ « iS f £ ft tf) pYE S 2 Sf S ^ 31 ^ i? 9 - (Invi 
trogcnJ: i;))J^!'«^W^*i£t'J;Oit^^D"->^$ftft. ^ od ffl & ^ * ^rr 
t^IE^^K^. fS y X fcf - XTSitT ^ ' i tc cfc D Hi ftft. 
IlA^riSfifttfecfctf r 4 2 kDaj HAS^ > /1 & ^ t^pYHS/HA« ^ 6 ffi « S ft 

ft K W *« , ^S«^l)t*S^^T^xX^->^tFf^J;!3^tf}aftfco ^ i? i? — 
CO £ M T S m M & W Wk VI . ffi tt t) ^5 US K J: S A A > K ( W * * ) » ^ T ft 
t> *T f ^ t) <75 r t4 ft 56* r> ft e ^ (31 5 u Z$ > !\ >j ) * «J . « CD * tMIDP - [' 

4 C ] ClcA (1 /a C i 1 4 C ) J: 9 0 0 w M « » £ ft T ^ ft: lUlUF -G 1 cNAc £ « 
. 5f)nMCO f r i s, pH 7 , 2 0 cilM ^ M gC 1 , t lmMWDTT, i5J;tX0.05MONaCl C 450 wlM^ 
S»t) Rft3 Og, 1 ■ 5 5> WJ * * L ft , I OS, ^ ^ t A )l X - t7 ^ ji 



( 78 ) #-S2 0 0 1 - 5 217 4 1 

t! U t F J > *7 V t =i ^ )V H UDP-C 1 cArt* ^ £ il , 0 0 yMil 

fc „ itlsf ( looy D , r>F x ^^i «, l. 5i> (J**.) . * * ot i o (mm ft 

) , & &Zf 4 5 ( M — Pi ) # T <D A ;|/ X <7) f* . SUlSnft. K fS , 2 % * T* « 

sds eo 8* to iz «t o ^ & £ ft , i # IB] , SS 9 s jg -c ta £ ft fc „ U H » * ft # . o 
. 2 M © N aC 1 , 5mMCDTris. p H 8 « t S tlfeScphacryl s -5 OOHRY ^ j* jg * 7 
A (Pharmacia: 1 x G 0 c«)±l:-f > v x ^ i> 3 > £ ft 5 Ms \z . &i ^te it <L> 4> » 
(mjoox g , 5 5}) i;i o MSft^ nfc. 

[0196] 

ft 7 A ft , 0. 5m 1 / '/> T* & til £ ft , #Hfll©tt»iRetttt, B i o Sa f e 1 1 ft f )V 
(4. 5ml, Research Products Intl.)*a&JBb?ta, & # -> > ^ — v- 3 > Stf & C 
J: 0 S i ^ ti ft . m m & « *s Jc Zf ± fl: W £ ^ S ft * sgf « , ^ ft. € ftl 4m 1 # <k # 
3 5. 5m I © m til T & -j „ -/J!/-f*X b v >(¥^ 2 X IO'I)a)« e-.^ 11, 2 

5-2 7ml <D m tH T * ta . J* # £ * © » S «l IS * t> T SE 81 L fc HI * AHASB; . -f 

[0197] 

b s X , * 7£ 9! [J . B#Wftffittt^'tSHASS:3 - HT43 - 

tr-r^^aianfc^^-ti^x > v , seHAsft e ^ ^ e t7JKi>sef *t si 

f£ , * L T S eHASjfi fi ^ fc «fc 0 3 - ■ H S ft fc H AS ^ 6 ^ ± f 3 t 7 ^ P > K © ffi ffl 

«e*T<55, * 5E U3 ti , ■tOWXE«*Jfi«tSf;WafL,TE<ftStlfc*t. £ < © 
S BS . i* iH , *±tf«se^a*tl;i^Tfi?II-e*«chBKl5i'**. L fc ** 

[ sa « s ] 
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TCTT AX AACGAAGATttCTGAG T CATT G CTAGAGACCTT AAAAAG TGT rCAGCAGCAAA C C T ATC CC CTAGCA 2 Bfi 

GAAfcTTT AT<TTTCT < FC: ACGAT GGAAGT OCT GAT SAG ACAG GT AT T AAQCG CATTG *AG ACT AT G T G COT GAC 3^ 

JVCTGX7TGACCTATCAAGCW 432 

TTACIkCGWSrTOTTMJSW^ 5 , 6 

^iACAAACCAA^^CTCTTA?lCAC G C T TG AC AGAX ATTC GCT At G AT AArGCTTTTGj fiC GT T G AA C GAG CTGCC 54 g 

CAATCCGTT AC AWJT AATAT C^TTCTTTTGCTCAJ^TCCGCt T AGCGTTT AC AG ACGC G AGO TGGTTCTTCCT 7 2 0 

AACATAGATAGATRCATCAACCA^ 792 

AACTATGCAACTOAT XT AGG AAAGACT GT TT ATCAATCCACTG CT AAATtJT ATTACAGATtTT IMS CTG H 64 

AMICTACITACTrSAAflCAGCAAA 9*6 

AAAATCATGAACAATC CTTTTTGT AGC C^AT<K^C^T ACTTG ACGT G TCT ATCSTTTAT G ATGCTT G T TTAT lflOS 

TCTGTGGTGC^TTTCrTTGTAGGCARTGTCAGA^ 1060 

GACTGGGGAACACGTAAAAAAvTTATrATAA 125* 



SEQUENCE ID HO, 1 

H R T 1, K N LITVVAFfil _F . _..K _ _V__ L L I Y V H 34 

V V LFGAKGELS 1 V G F 1, £ 3 A Y 1, L V g 4S 

ft *5g|^5Mti^ggja¥ ^ PFKGH AGQlfKV AAlip 72 

LEXiKSVQQQTYPLA . 9fc 

EIYVUODG&ADBTGlKft L 20 

TC pLS$MVJVHRSEKNOGKKHA(J* 1,44 

WJirEBSOAPVS ^TVPSDTTflYPDA 168 

LE£I,LKTFN[JPTVFAATGHLHVflN 192 

KtiXMLl-TRfcTUIRTPHAFGYCAAn 21 6 

OSVTGN IX.VC5GPL5VYRREVVVP 240 

WlDATJWQTFLOJPVSIGDftRCl-T £&4 

N TT A T 0 L G h^ti-ttfrityjfi-Q ^'^"SfaR ^E CITDVPDK 296. 

K I M U W F F V A . L WT TLEVSMFHW L V 7 33fc 

& V _v. DrrvGNVRF, fu w l ft_ y a f if V 1 jgg 

V A L C RtflKYKLKHPX.fi F L I S F .}£4 

r y c v L H ^ r v .V. 0 P t g3S^§j£^^£^^g&2SIE3 « A 



SEQUENCE TD NO. 2 
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SEQDBNCE ID NO. 3 

i^OCTOATOAO AC AG G TAT tAAGC 
primer sot (sen**, nucleotide G^-C" 7 ) 



SEQUENCE ID HO. 4 

5*- A TCAAATTCTCTGACATTOC 
primer: seZ (antisense, for sense nucleotides G m ' - T 1030 ) 



SEQUENCE ID NO, 5 
5'-GACTCAGATACTTATATCTA 



primer: sespl (sense, for nucleotides G* 75 - A 4M ) 



SEQUENCE ID NO. € 



5'-TTTTTACG TGTTCC CC A 
primer; sesp2 (antisense, far sense nucleotides T mi ~A lW4 ) 



( 81 ) 



2 0 0 1 5 2 1 7 4 1 



Protein «*qu*nc« o£ th« pbcv-1 KA «y^th**« 

1 HGKHIIIHVS WYTIITSHLt AVGQASLllA EAItGWLHW tttALSTIWGV SAYGIEVFGE* 

61 FliAGVfcTCEI. NRKRLRKWIS EAFK&flgDTO LAVI1AQTCRE D F YttFQKC LrE 

1?1 AM,lCVTOG(i fcDTOMRMAAV YKAlYUDtJfK KMSrVIjCESD DKEGEJUBSD PSftWCVUQP 

181 HEtGKRECLYT GFCTUUCMCfrfi VUAVYLIU3D TVXE^DIOI^ WYHJICDPB IOAVAGECKI 

241 HKTDTLI-SLL VAWRYYSAFC VERSAQSFFK TVQCVttttBtA AYKD1EKEXK DPHISQRFLG 

301 QKCTYCDC&R XTWRIWUUJK KWFTPFAVG WSpSEf KVtH YXVQQTRWfiK fiMC^EIWVVt 

361 FAAWKKGLSG IWLAFECttfQ ITYFFIVIYL FSRLAVEAOE 1 iSAOPATVlVS tTVALLKCGY 

421 FSFJtAKDIRA rYFVTttTFVY FFCWI&A&IT ftHHTMTOIGH PTRQGNEJWE VGTTWAMIAK 

481 Qrt>CATfWWn AYVOASYTSI YKHHHFDKHS LffYRTALTOl CSYXVFIVJV fcWYTTGKIT 

557 



SEQUENCE ID HO. 7 
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HudaotLda Ssqu#nq« of A£8R <g*iv* In th» FBCV-1 vi*-\ift MnooA 

Start: ATG 5D9CI StCp>i TGR 52S07 

50881 &agacttc±t g&aaqttBCa AtGggtaaaa atataatcat oatggtttC^ tggtacacca 
50941 tcataxacttLC aeatctaicc goggttggsg gngectctct aatcttggct ccgycaat-ka 
51001 etgygrtatgt ttftacattgg a&fcattgotc *etog*aa*t otijij^gagt* ta**ofct*fcc 
grtattttogt ttttgggttt ttccttgo&c «a?ttttatt ttcagaacrtij «aciggaa*c 
51121 gtcfrtogca* gtggatttct cfccayaecta agggttgg** tgatgttcgt ttogctgtg* 
51161 tcattgctgg atatcgcga^ gatcettata tgttccagaa gtgcctogag tctgtacgtg 
S12<1 actctgatta tggoaacgtt gcccgtctga tcxgtgxgat tgacggtgat gaggaegatg 
51301 atatgwggat ggctgccgtt tacaaggcga tctaicaatg* taatatoaag aagooogaut 
51361 ^tgttjctgtg tgagtc&g&c gacaagg&ay gt^aAcgoat c^autctyHt ttistctcgcg 
£1421 nMtttgtgt ccteeagcot eatoegtggo* «aciggg*igtg tcfcttatmct sggrttoaac 
51481 tfcgc**ag*t ggaooco&gt gte**tgctg tcgtfcctgat tgacagcgat aoagttateg 
51541 agaaggatge tAtfcctggaa gttgtatacc cacttgcatg ogatcoogag a tec sage 
51601 ttgcaggtga gtqtaagatfc tggaaaaaag acjictctttt gagt^ttotq gfccgcttggc 

516 fil ggt*ct*ttc fcgcgttttgt gtggagagga gtgoocagtc ttttttcagg actgttcagt 

517 2 1 gcgttggggg gccactgggt gectacaag* tt gat*, teat taaggagatt aaggaococb 
5178 L ggatttccoa gogctttctt ggtcagaagt gtacttauyy tgaagaooga cggcrtaacca 
51&41 ao^siq-Htctt gatgcgtggt aaaaaggttg tgttc«<?t:«c a-tttgotgtt srgttggtctg 
51501 acagtoegao caatgt^ttt eggt*e»teg tteagcagac ecgotgg^gt sagtoghggt 
51961 gecgegaaat 1 1 g<jt a caoc ctcttogccg cgtggaagca cggtttgtct gga*tttg<jc 
52021 tqgcctttga atgtttgt&t caaattaoat aatfcettcct cgtgatttnc ctcttttctc 
520 81 gootagocgt t*j*gg<?cgac cirtcgcgccc agacagccac ggtgattgtg agcaccacgg 
5Z141 ttgcafctgst taagtgtggg tatttttoat tccgagecna ggatattegg gcgttttftCt 
52201 ttgtgettta taoatCtgtt tacttl^tet gnavgattco ggceaggatt actg<=**tg» 
52S6I tg&cgctTW ggacattgg<? tgggataotc goggtggaa* cgagaagcat toogttijgoa 
S2321 ooogggtoflc tatgtgggc* aagcaatatc tc*ttgoat& tatgtggtgg gecgojgfctg 
5 23 81 ' ttggogotgg agtttaoagc ategfceoat;* aetggatgtt cgattggaat tctctttctt 
52**1 atcgtttfcgc tttggttggt r sttkgttctt acattgtttt tattgttatt gtgctggtgg 
S25G1 tttatttcac cgg.caaaa.tt .acgacttgga attteaogaa gcttcagaag gagctaatcg 
52561 aygmtcgogt tetgta&gat gcaactaeca atgcecagtc xgtgrSfcttt ttcctgeaag 



SEQUENCE ID NO. tJ 
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nucleotide and Protcia ^c^bhc? ot Fai9t«ur*lla rcultoalda 

-lfi ATTTTTT AAMACAGAAAA TGAAT ACA ATCACAA^GCA.\T AAAAGCATAT AACIWSCftATGAQ T A.TCAA 

1& LAliKLFEKSAElYGftKlV SFQlT 
S2 TT AGCACT CAAAT T ATTT GAAAAGT CG GCGGAAA3CTATtK^CXK^AAATT0Tt^ AATTTCAAATIACC 

41 KCGPKLSAKPSVNSAHLSVKKEB 
121 PJUVTGCC^AGAAAAACTC T CAGCACftT CCT t CTGT T AATTCAGCACATCTTT CT GT AAA T AAAGAAGAA 

C4 KVNVCDSPtrDXATQ^I*^5|fVKKl' 
190 AAAGT CAATGTT TGC GflTAGTC CGTT AGAT ATT GGAACACiW^VGTT ACTT T CCAACG T AAAAAAAT T A 

67 VLSDSEKHTLKKKWKLLTEKKSE 
259 GTACTTTCTGAjCT C GGAAAAAAACACGT T AAAAAAT AAAT GGAAATTGC TCACT 6 AGAAGAAAXCTGAA 

HQ KAEVELA VALVltKDFPKObVLAPZ, 
329 AATi^^GAGGT AAGAGCGGTCi^CCTT A^XAAAAGATTTTOCCftAAG ATCTGGT TTTAQCQCCTTV A 

133 PDBVH0FTWYKKRKKRLG3KFEEI 

3 SI CCT G AT CAT GT T AATG ATTTT ACAT G CT ACAAAAAG C6AAAG AAAA GACT T GG CAT AAARCCTG AACAT 

4 €6 CAACATGTTGGTCTTTCTATTATCBT T ACAACATTCAA TCG ACC JNGCAATTTT ATQGAT T ACAT TAOCC 

179 CLVWOKTf?YPTEVLVT0DGS<3ED 
535 T GT TT AGT AAA CCAAAAAACACATT ACCC GTT TGAAGT T AT CG T GACA3 AT GATGGT AGTCAGGAAGAT 

202 LSPXI EtQUENXLDIEl^V&QfCDVG 
604 CT AT l^CC^^TCATTCGG CAAT AT GAAAAI AAATT GGATAX TCGC T ACGTCAG ACAAAAAttRT AACG 5T 

F^ASAARMHCLPL^KVCiFJfiLLn 
673 T TTGAAGCCA GTGC C GCT CG G AA T ATGG GATT ACG CT TAGCAAAAT ATGACT TT AT TG CCTT ACT CQAC 

248 CDMAENPLWVHSYVAELLEDDDL 
742 TG T G AT AT (JSC GCCAAATC CATT A TGGGTT CRT T CTT ATGTTGCAG ftGC? AT T AGAR GATGATGATT TA 

271 TTTGPRKtlDTQHIDPKDFLHWA 
Gil ft C J\AT CATTG GTCCAAGAAAAT ACATC GAT ACACAAC AT A TTG ACCC AAAAG AC T TCT T AAAT AAC G CG 

294 SLLESLFEVKTNWSVAAKGEQTV 
E 8 0 AGTTTGCTTGAATCATTACCAGAAJSTiSAAAACCAATAA T 

m SLDHRLtQFEKTENl-RI-SBSP F 

3 O TCTCT QGAT XaGCGCTTAGAACAATT W3AAAAAACAGAAAA7CTCCGCTT ATCCGATTCGCCTTTCCCT 

340 FFAAGNVAFftKKtflrNKSGFFDBE 
1 0 1 B TTTTTTGCRGCGGGTAATG TTGCTTTCGGTP AAAAATGGCT AAAT AAATCCGGTTTCTTTG ATOAGG AA 



SEQUENCE ID WO .19 
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363 FNHKGGEDVFPGYRI'FRYa.S T r k 
1007 TTTMTCACTGGCWTG<SAJ5AA(^ TCCGTTAOQQ TAGTTTCr TT AAA 

396 PIDGIMAYHQEPPGKBM&TDREA 
1156 ACTATTCaiGGCATTATOTCCT^ 

409 QKHITLOlMHEKVPY IYRKLLPi 
1225 GGtfAAAAATATTAOTCTCCATA^ 

432 EDS H I N RVfLVSIY 1 PAYHCANY 
1294 GAAGATT CXiCLAT ATGflATAGAGrAC CTTT AGTTTCAATTT AT AT CCCAGC TTATAACTG T GCAAAC TAT 

455 XQRCYDSAIiKQ TVVD' LEVCICND 

47© GST DWTltEVIliKLYGKKpRVRXM 
1432 GQTTCSW^CftGATJUVIAX^ 

501 0KPKGGIA3A6NAAVSFAKGVYI 
1501 TCTAAACCAAATGGCG<^TAGCCT^^ 

524 G Q L D S DDYlEfDAlTELCLKEFLK 
1570 QCSGCftiGTO^T^CJkfiAT^ 

541 DKTL .ACVYTCKRWVUP DQ3LIAH 
1639 GATAAAACGCT AGO* TGTGTTTOTA.CCACTAAIMAJIAOGT CAATCC G GATGG TAG CTT AAT CG CTAAT 

1570 GYNWPEFS &EKL?TAHXAHHFRM 
1708 G C?TT ACAATT GGCCASAATTT TC AC G AGAAAAACT CACAAC{^CTT ATG AX TGCT CAGCAC TTT AGAAT G 

593 FTIRAWHLTDGFtfEKI ENAVDYD 
1777 TTCACG^TT&GAGCTTGGCAT TT AACTGA T GG AT T C AATGAAAAAATT<SAAAATC?X^CT AGACT AT GAC 

616 WFLKLS EVQKFKKLHK I C V N R V I# 
16 4 6 ATGT7CCTCA&ACTCAGTCAAGTT 

639 HGDUTS IKKLG1QKKHRFVVVNQ 
1915 CAT G<3 T G AT AACA C ATCAATT AAG AAACT ?G GCAT TCAAAA^AAAAACCATTT TGT TG T AGTOA frT CA n 

662 SLHRQGITYYKYDEFDDLDESKK 
196 4 TC ATT AAAT A5ACAAGG CAI AACT T ATT ATAAXT ATGACG AAT t TGAT GATTTAGATGAAAGT AC^AAAG 

$65 YIFHK.TASYQEEIDILKDIKI I Q 
2053 TATATTTTCAATAAAACCGCT GAATATCAAGAAGAGATT^V ATCT TAAAAGATAriAAAATCA'TCCAG 

70ft ttKDAKIAV3IF^PKrLNGLVKKL 
2122 AATAAAHATiSCGAAAArC GCAG T CAfi T ATTTT TT ATC C C AAT ACAF T AAACG GCT TAG TG AAAAAACT A 

731 HHriEYWKNlFVIVLHVDKNHlT 
2131 AAC AATATT KT T GAAT AT AAT AAAAAT AT A TT C QT TAT T GTTCT ACATGTT G AT AAG AAT CAT C T T A CA 

754 PDIKHEILAFYHKKQVNILLHHD 
2 260 CCAGATATGRAAAAAO AAAT AC T AGCCTTCT ATCAT AAACATCftAGTGAAT ATTTT ACT AAAT AATGAT 



SEQUENCE ZD NO- 19 

(page 2 of 3) 
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777 I SYYTSttKLIKTEAR^SHlHKLS 

232 S AT GT CAT ATTACAQGAGTAAT AGATTAAT AAAAACTCfttfGQQCRTT TAA^AAT ATTAA'P AAATT AA<jT 

800 GLNL. HCBYJ IFDKH&. SLFVKHDS 

2398 CAST T AAAT AAATTCTTCIAAT ACATCAT TT TT GAT AAT CAT GAC AGCCT ATTC G TTAAAAAT<3ACA<3C 

623 rAYHKK^OYGMKfeALTHDWlEK 

24 67 TATGCTTATATGAAAAflArATOATGT 

646 I BABPPrKKX^lKTVFK D W D .L X 8 W 

2536 ATC^XGCQCAKCACC^CTTAAAAAGCTCATTAAA^ 

BS9 MVKGAS0OMFMT3fAI*A K E L I* T I X 

aeOB AAT GT<2AAAGG GGCATCACAACC V A TCTTT AT« RTOCGCT AGCOZATOI^CTTCT GAC SAT TAT 1 ? 

B£t2 KEV<ITSCQSIDSVF£YNTEDIKF 

2 €7 4 AAA/3AAGT CATCACAT CTT GCCAJ3 TCAATTGAT AGT GT GCCAG AAT AT AACACT GAGGR.TATTTG GT TC 

9XS 0 F A I* If I LEKKTGHV F K KT5TLT V 

27 43 CAATT TGC ACTTT T AATCTT AGAAAACJAAAACC GGC ATT7 AATAAAACAtXDGACCCTGACTT AT 

938 KSWERKLQWTNEQI ESAKECBMI 

2912 ATG CCPT GGGAAOGAAAATT ACAAT GG ACAAAT G AACAAAT T G AAAJ3TG CAAAAAG AG<3 AGAAAAT AT A 

961 PVHKFIIUSITL* 
28fi 1 CCTGTT AACAAGT TCATYATTAAT AGTATAACTCT ATAA 



SRQUETJCE ID NCM 9 
(Pagft 5 of 3} 

[ m bs « «3 ¥ «t k w ] 
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M 3 it , @J & © b T Jl/ □ 1- > > > 9 - M © $ ~i © (W « it it h © ffi « PS /T% V 

[ « 4 ] 

# Itr £ „ 

[ m s ] 

IS 5 it , A seHAS <!: spHAS£ ©iM^^SglrpTS. 

[ H 6 ] 

[ El 7 ] 
C B 8 ] 

EI 8 it , Pf$©t/iiU'f ffl Itftliis eHAS © f X X * > :/ n y h # #r X' & Z> 
[09] 

m 9 & . $B m. A s eHAS ± tJC s P H AS \Z ± t> T S £ * ft H A © -»i -f X»f Oifi 
ft tfr T <5 -S . 

[ ted 1 0 ] 

m 1 0 fct , s eHAS £ , f35?nfc/>77>Sl»fl{CS*ttyP^h«*t 
y =7 7 "C & 3 „ 

[ ltd i i ] 

R 1 IB, H + © s eHAS © h D v - ffl ^ ft |g] S T % « fi T $> % . 
im \ 2 1 

ffl 1 2 IS . 11^ scHASil J;*iEaEWftIIA©#Bfe*7p-5-. 
[ IEI 1 3 ] 

H 1 3 . scHAS* 3 — K -ft L , spllAS ft n - ■ H -ft V , » 5 VUi s e H AS £ s pH AS ii 

© ?Jt * ft n H ft f s & Sd ?a ft . «fS6 t Ja* | J^)!i'PtfF*J;rJ:pCRffi 
ftffiffl L t » » f a - £ * * f . 
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[114] 

El 1 4 it, tV{fflPCRA-f^gy-ft'-y3>i;ftHLtt'J^5!?l/^f 



[mi] 



12 3 4 




C A C A 



( U ) 



^2 0 0 1-521741 



[ i2| 2 ] 



cvHAS KHITIH VSWYTIJTS HI. !TAV«A*Llg 

SeH* 5 MBTlrKMLIT -V VAFSIFUVl,f 

SpKAS VTJF^KTLI V LSFIFLISlj 

hUHAS MHCERFLCIL RI' IQTTL FGVSI 

jclHAS HK~EKAAET* fcXPtGtPKDt, EPKHPTLWU lYYfiFWV] 




cvHAE 

S<fctftS 
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